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PREFACE  TO   THE  SECOND  EDITION. 


The  matter  contained  in  this  volume  has  been  mainly  galli- 
ered  from  such  standard  works  as  those  of  Scott  Russell, 
Ranking,  Murray  and  Knowles,  ■  with  some  assistance  from 
Tairbairn,  Fishboume,  Marrett  and  Peaks — the  object  in  view 
being  to  faraish  a  text^book  for  the  use  of  the  students  at  the 
United  States  Naval  Academy. 

A  naval  officer  of  fair  mathematical  ability  can  readily  make 
himself  familiar  with  all  the  essential  principles  governing  the 
design  of  a  ship,  as  well  as  the  method  of  making  the  necessary 
calculations ;  but  to  become  a  naval  constructor  is  quite  another 
thing,  and  needs  the  long  and  patient  apprenticeship  of  the 
"  monld-loft"'  and  ship-yard.  Yet  there  is  no  more  mystery 
about  naval  construction  than  about  steam-enginery;  and  any 
intelligent  of&cer  may  soon  be  theoretically,  at  least,  conversant 
with  both,  while  the  importance  of  acquiring  such  knowledge, 
in  these  days  of  progress,  is  self-evident. 

In  accordance  with  these  views,  this  compilation  has  been 
made,  and  is  now  submitted  for  the  consideration  of  my  brethren 
of. the  naval  service. 

Cold  Spkinq,  N.  Y.,  June,  1869. 
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CHAPTER-  I. 

S  5CIEKCE  OF  NAVAL  ABCHI- 


The  Science  o 


f  Naval  Architecture  treats  several  chief  problems : 

1st.  How  to  make  a  ship  swim. 

2d.  How  to  make  her  cany  heavy  weights. 

3d.  How  to  make  her  stand  upright  when  the  waves  or  the  winds 
try  to  upset  her. 

4tli.  How  to  make  her  obey  the  will  of  her  commander. 

5th.  How,  in  addition  to  all  these,  to  make  her  go  easily  through 
the  water  at  high  speed. 

Subordinate  to  the  above  are  the  following ; 

6th.  How  to  give  a  ship  a  given  draft  of  water  and  no  more; 
first,  when  she  is  light,  and  second,  when  she  is  laden. 

7th.  How,  with  the  given  draft  of  water,  to  prevent  her  oversetting 
when  she  is  light,  and  rises  high  out  of  the  water ;  aad  how  to  pre- 
vent her  being  overturned  by  the  great  burden  laid  upon  her  when 
she  is  heavily  laden. 

8th.  How,  when  a  heavy  sea  strikes  on  one  side  of  the  ship,  to 
prevent  it  from  rolling  into  her,  without,  at  the  same  time,  heeling 
her  so  far  over  as  to  expose  her  to  danger  on  tlie  other  side. 

9th.  How  to  make  her  bow  rise  to  the  sea,  so  tliat  the  waves  may 
not  roll  over  her  deck,  without,  at  the  same  time,  making  her  rise  so 
far  as  to  plunge  her  deeply  into  the  succeeding  hollow,  and  make  her 
uneasy  and  slow. 

10th.  How  to  make  her  stem  of  such  a  form  that,-  when  scudding, 
the  sea  shall  not  break  over  her  poop. 
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11th.  How  to  make  ter  so  stiff  on  the  water  that  the  pressure  of 
the  wind  on  her  sails  shall  not  upset  her,  without,  at  the  same  time, 
giving  her  so  much  stiffiieEs  as  to  endanger  her  masts  by  the  jerk  of 
the  sea. 

12th.  How  to  make  her  turn  quickly,  and  in  short  space,  in  obedi- 
eace  to  her  rudder,  no  matter  how  fast  she  may  be  going ;  and  how 
to  make  her  weatherly. 

13th.  How,  in  combination  with  the  foregoing,  to  make  her  fast 
before  the  wind,  against  the  wind,  across  the  wind,  when  she  is  laden, 
when  light,  when  the  sea  is  smooth,  and  when  the  sea  is  rough. 

These  are  some  of  the  undertakings  with  which  the  science  of  the 
naval  architect  must  cope.  They  are  all  matters  the  principles  of 
which  belong  to  science.  They  are  all  matters  of  forethought  and 
calculation,  for  which  exact  results  are  to  be  sought  and  ascertained, 
long  before  the  ship-builder  can  even  set  about  his  work.  They  form 
the  science  of  Naval  Architecture,  as  distinguished  from  the  art  of 
Ship-building. 
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CHAPTEE   II. 


The  Art  of  Ship-building  consists  in  giving  to  the  materials  of 
which  the  ship  is  to  consist  all  the  forms,  dimensions,  shapes, 
strengths,  powers  and  movements  necessary  to  make  them  fiilfiU 
and  comply  with  the  conditions  resulting  from  the  calculations  of  the 
naval  architect. 

1.  To  make  the  ship  swim,  she  must  be  tight  and  staunch  every- 
where, so  as  to  take  in  no  water  through  her  seams  or  fastenings. 

2.  To  make  her  swim  so  deep,  and  no  deeper,  the  weights  of  all 
her  parts,  taken  together,  must  be  equal  to  the  measure  the  naval 
architect  has  given,  and  which  he  has  called  her  "light  displace- 
ment." This  done,  it  is  the  business  of  the  naval  architect,  and 
not  of  the  builder,  to  see  that  a  given  load  placed  in  the  vessel  will 
not  sink  her  beyond  her  given  load  draft. 

3.  To  make  the  ship  strong  enough  to  carry  her  load  without 
straining  herself  is  part  of  the  art  of  ship-building :  the  quantity  of 
material  put  into  the  ship  being  limited  by  the  naval  architect,  it 
belongs  to  the  craft  of  the  ship-builder  to  select  the  fittest  quality  of 
material,  to  put  it  in  the  most  effectual  place,  and  to  unite  the  pieces 
in  so  substantial  a  manner  that  no  piece,  when  strained,  shall  part 
from  its  neighbor,  but  that  every  part  shall  not  only  do  its  own  work, 
but  be  able  to  help,  in  need,  every  other  part,  so  that  all,  joined 
together,  shall  form  one  staunch  whole, 

4.  In  making  the  ship  strong  enough  for  the  work  she  has  to  do, 
the  builder  must  preserve  throughout  the  whole  such  a  just  distribu- 
tion of  the  weight  of  the  parts  as  that  she  shall  not  be  too  heavy  at 
the  bottom,  nor  at  the  top,  nor  at  the  bow,  nor  at  the  stern,  but  that 
the  weights  of  the  parts,  in  their  places,  shall  so  accurately  corre- 
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spond  to  the  nature  of  the  design  that  there  shall  be  a  perfect  balance 
of  weight  around  the  exact  centre  intended  by  the  architect.  This  is 
necessary  in  order  that  the  trim  of  the  vessel  at  the  bow  and  the 
stern,  and  her  stiffness,  or  power  to  stand  upright,  shall  turn  out  to  be 
what  is  meant  in  the  plan.  The  best  designs  have  failed  through  un- 
necessary weights  being,  in  the  execution  of  the  work,  placed  where 
they  did  harm,  instead  of  where  they  could  have  done  good.  Di^po- 
aition  of  weight,  therefore,  in  the  hull  is  an  important  point  in  prac- 
tical ship-building. 

5.  The  geometry  of  ship-building  is  one  of  the  most  important 
branches  of  the  sliip-huilder's  art,  and  the  exact  fitting  and  execu- 
tion of  parts  truly  shaped  is  one  of  the  best  points  in  which  he 
can  show  his  skill.  The  design  to  be  executed  having  been  put 
into  his  hand,  the  ship-huilder  has  first  to  lay  it  down  on  the 
tnould-lofl  floor  to  its  full  size ;  next  he  has  to  divide  and  show  on 
this  drawing,  in  its  full  size,  every  part  of  which  the  ship  is  to 
consist;  of  each  of  these  parts  a  separate  and  independent  drawing 
has  now  to  be  made,  and  a  shape  or  mould  made  from  this  in  paper, 
in  wood  or  in  iron.  To  this  mould  the  material  of  the  ship,  whether 
pieces  of  iron  or  wood,  has  to  be  exactly  shaped ;  and  these  inde- 
pendent drawings  or  moulds  must  show  every  face  and  every  dimen- 
sion of  each  part.  When  it  is  remembered  that  in  every  ship,  con- 
sisting probably  of  several  thousand  parts,  generally  speaking  no 
two  are  alike,  and  only  two,  at  most,  resemble  each  other— namely, 
the  counterpart  pieces  on  the  two  opposite  sides-^and  tliat  every  one 
of  those  pieces  has  probably  four  sides,  each  with  a  different  curve 
from  the  other,  and  containing  possibly  one  hundred  perforations,* 
which  must  have  precise  positions  with  reference  to  these  curves,  it 
will  be  seen  that  making  the  measurements  and  drawings  is  a  labor 
■which  must  be  performed  with  the  utmost  precision  and  intelligence, 
in  order  to  have  good,  honest  and  reliable  work,  and  requires  no 
small  amount  of  geometrical  skill  from  the  builder. 

6.  Tlie  art  of  the  ship-builder  frequently  extends  not  only  tn  the 
mere  construction  of  the  ship's  hull,  but  also  to  the  construction,  or 
fitting  in,  of  all  those  separate  things  which  arc  not  parts  of  the  ship 
proper,  and  yet  without  which  she  cannot  be  sent  to  sea.  There  are 
parts  which,  if  not  made  by  the  ship-builder  himself,  must  be  so 

»  Soc  Iron  Ship -building. 
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provided  and  fitted  aa  if  he  liad  himself  made  them.  A  ship  is  not 
complete  unless  she  has  a  rudder  and  steering  meclianum,  compasses 
and  theft  binnacles,  miekore  and  their  cables,  capstans  and  windlasses 
to  raise  and  lower  the  anchor,  boats  and  davits,  and  the  tackle  to  raise 
and  lower  them,  masts  and  yards,  and  standing  rigging  and  running 
rigging,  and  sails  and  bloeks,  and  all  the  means  of  placing,  fastening, 
support  and  w  k  g.them.  There  must  be,  also,  pumps  to  work 
in  cas  f  d  t  hesidea  a  large  inycntory  of  smaller  things,  all 
to  ho  f      3  1  f  hip  is  complete  or  fit  to  go  to  sea.     All  these, 

for  the  m  t  p  t  th  ship-builder  has  to  find ;  and,  while  it  is  a 
matter  f  1  bt  p  on,  custom,  or  special  contract,  how  many,  and 
which    f   h  p  rta  of  the  hull  or  parts  merely  of  the  equip- 

ment   f  th    h  U  f  stores  for  her  voyage  yet  it  i    alwa^=!  m  tl  e 

ship-h    IJ        I  e  to  consider  fully  all  the^e  tl  ngs  and  so  to 

arrange  for  them  that  no  unnece&=ar\  difliculties  may  be  interposed 
in  the  way  of  those  who  have  to  supplj  ind  to  fit  them  C  c  orally 
speaking,  the  rudder  and  steering  gear  tl  e  mecl  in  sm  for  fix  ng  and 
working  the  anchors  and  cables  tl  e  mi  ts  and  spar  and  tl  e  means 
of  attaching  the  rigging  and  working  the  ails  and  boat  ind  the 
ship's  pumps,  are  reckoned  part  of  the  ship  prop  r  tt  be  lone  m  tl  e 
ship-builder's  yard,  while  the  ngging  it  elf  the  sails  the  anchors 
the  cables,  the  compasses,  and  all  the  m  nor  inventory  are  re  Loned 
as  "Equipment"  only.  It  is  part  therefore  of  the  cnft  of  tl  e  si  p- 
builder  to  understand  thoroughly  as  well  as  to  execute  that  pirt  of 
the  equipment  and  the  fitting  wl  ch  is  reckoned  a  part  of  the  1  nil 
7.  But  it  is  the  finishing-atrokc  f  the  sh  p  I  Her  to  pKce  his 
vessel  safely  in  the  water.  To  tl  is  }  ait  of  h  kill  bel  ng  all  the 
traditions  of  launching.  In  this  the  trad  t  otul  hip-builder  excel 
for  science  has  taught  him  noth  ng  The  knowledge  of  la  inching 
has  grown,  and,  with  the  odd  variati>ns  in  form  theie  is  a  wonderful 
unity  in  substance,  even  in  difiereot  countr  e  The  construction  of 
the  cradle  in  which  the  ship  is  comn  itt€  1  to  the  deep  of  the  t  ija 
which  carry  her  from  the  shore  into  tl  e  water  of  the  slope  on  which 
she  glides  so  smoothly  down,  even  to  the  mixture  of  soap  and  grease 
which  lubricates  her  j  a'»sige  — all  la  known  hy  fixed  tradition  ind 
so  skill  el  has  the  long  progress  of  practice  rendered  this  fini  hing 
stroke  cf  art  that  tonstruLttr-  when  ordeiel  to  lenf,then  a  ship 
already  bmlt  ha\  e  been  known  to  cut  her  m  two  an  1  to  give  to  the 


Hosted  by  Google 


22  NAVAL   AECHITECTUEE. 

after  part  so  gentle  a  launch,  that  it  stopped  exactly  when  it  had 
reached  the  point  of  distance  from  the  fore  part  to  which  the  length- 
ening was  meant  to  extend.  So,  also,  when  an  attempt  was  made,  aa 
in  the  lauucli  of  the  "  Great  Eastern,"  to  bring  in  other  than  ship- 
building skill,  the  result  waa  an  extravagant  failure.*  This,  there- 
fore, is  oae  of  the  points  in  which  the  ship-builder  cannot  do  better 
than  adhere  to  his  traditions.  But  along  with  these  general  princi- 
ples of  matured  experience,  there  is  enough  variety  of  practice  to 
leave  the  ship-builder  a  wide  choice.  Some  nations  launch  with  the 
bow,  some  with  the  stem  foremost,  some  broadside  on.  Some' launch 
with  the  keel  resting  on  the  ways,  the  bUgee  clear ;  others  launch  with 
I  the  bilges  on  the  ways,  and  the  keel  clear;  but  in  all  these  different 
modes  a  tolerable  attention  to  the  precepts  of  tradition  will  enable 
the  ship-builder  to  execute  this  "  tour  de  force"  with  a  fair  certainty 
of  success.  In  England,  some  have  even  ventured  to  carry  this  so 
far  as  to  launch  steamers  with  masts  up,  rigging  fitted  and  sails  bent, 
their  equipment  on  board,  their  engine  and  boilers  fitted  in  them, 
their  fires  lighted  and  steam  up ;  and  they  have  left  the  ship-yard 
from  the  launch-ways  in  perfect  safety,  propelled  by  their  own  steam. 

s  This  vessel  nua  Isuncbed,  broadside  on,  from  tbe  IbIb  of  Dugs  in  tbo  Thftmss 
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The  naval  architect,  the  ship-builder  and  the  marine  engineer 
represent  three  classes  of  professional  skill,  all  of  which  go  to  the 
achievement  of  a  perfect  steamship.  The  duties  of  all  must  be  suc- 
cessfully performed,  in  order  that  the  duty  of  the  steamship  may  also 
be  performed  successfully.  It  is  not  necessary  that  the  three  duties 
should  be  performed  by  three  separate  men,  but  all  are  essential. 
They  may  even  he  all  performed  by  one  man,  and  he  may  first  form 
the  design  of  the  whole,  then  build  the  ship,  and,  lastly,  construct 
the  engines  ;*  but,  in  theory,  it  is  better  to  keep  theae  parts  separate, 
although,  in  practice,  they  cannot  be  too  closely  united. 

Steam  navigation,  or  the  propelling  of  a  ship  by  steam,  is  effected 
by  means  of  three  instruments.  The  source  of  the  entire  steam- 
power  of  a  ship  resides  in  the  boUer,  and  it  is  the  power  of  this 
boiler  to  produce  steam  which  ultimately  determines  the  question  of 
the  power  and  speed  of  the  ship.  Boilers,  therefore,  are  the  first 
consideration  in  marine  engineering.  The  second  part  is  that  which 
applies  the  steam  made  in  the  boiler  to  the  purpose  of  producing 
mechanical  motion,  and  forms  what  is  called  the  machinery,  or  steam 
engine.  It  is  by  the  engine  that  the  steam  is  turned  to  use  and 
worked ;  but  engines  accomplish  their  purpose  differently ;  they  all 


waste  some  steam  in  moving  themselves  and  not ) 
and  some  waste  much  steam  and  do  little  wort, 
know  how  much  is  wasted,  even  by  the  best  marii 
of  great  reputation  waste  more  than  others  of 
engineer  must  see  that  he  effects  the  least 

*  This  ia  the  case  in  tlis  Freocli  navy,  nterB  the  oliiiif 
Btructing  BQgineer. 


1  moving  the  ship; 

It  is  difficult  to 

3  engines,  for  some 

less.     The  marine 
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out  of  his  engine*  the  maximum  possible  effect;  but  this  mult  he 
cau  only  Itnow  bj  taking  careful  measures,  not  merely  of  the  tioplt 
done  by  the  steam  in  the  engine,  but  also  of  the  work  given  out  by 
the  engine  after  working  itself.  It  is  hi.  doty,  therefore,  Ihorooghly 
to  master  all  these  points. 

The  third  instrument  of  steam  navigation  is  that  by  which  the  ship 
IS  made  to  move.  The  boiler  make,  the  .team,  and  the  steam  moves 
the  engine  merely,  but  not  the  ship.  .The  engine  has  to  move  some- 
thing, which,  by  moymg  the  water,  shal)  compel  the  ship  to  move. 
Though  all  three  instruments  move  the  ship,  or  tend  to  move  it,  it  is 
only  this  last  which  directly  touches  tlie  water,  and  which  moves  it 
and  the  ship ;  it  is  called  the  nmtor  or  propeller.  The  steam  propeller 
is,  therefore,  the  third  mstrument  employed  in  steam  navigation. 
The  kmds  of  propellers  are  many  and  various ;  a>me  being  a  .ingle 
in.trument,  as  a  lerew  propeller,  and  the  paddle-wheel  propeller,  when 
u«id  singly  in  the  .tern  of  a  steamer,  or  in  the  centre  of  a  double  or 
twin  vessel.  There  are  also  double  propeller,  a.  where  («,„  ,„eui 
are  used  in  one  vessel,  or  where  two  paddle  wheels  are  used  on  a 
vessel.  There  is  also  the  jet  propeller  (both  steam  and  water),  the 
ehain  propeller,  the  dem  propeller,"  and  a  host  of  others  not  now  in 
practical  use.  There  are  propellers  out  of  the  water  and  under 
water,  at  the  sides  and  the  bottoms  of  ships,  at  the  bow  as  well  as 
at  the  stem;  and  almost  every  place  that  can  be  named  has  been 
selected  by  eonebody  for  a  propeller.  It  i.  the  business  of  the  prac- 
tical marine  engineer  to  devote  his  attention  to  tlcoie  modes  of  pro- 
peUing  whiA  ore  m  general  me.  He  must  examine  the  laws  which 
govern  all  steam  propulsion,  and  thus  learn  to  measure  the  degree  in 
which  it  can  be  made  perfect,  and  the  degree  in  which,  in  the  nature 
of  things,  it  must  remain  imperfect,  aiming  continually  to  get  as  near 
to  perfection  as  possible.  He  must  never  forget,  however,  that  it  is 
absolutely  impossible  to  attain  this  perfection,  since  water  dips  away 
from  the  propeller,  and  that,  in  thus  escaping,  it  carries  off  power  in 
the  very  act  of  motion.  This  power  so  lost  is  called  loss  by  slip.  A 
eeicntifie  knowledge  of  the  laws  of  propulsion  enables  him  to  judge 
when  this  slip  runs  to  waste  merely,  and  when,  on  the  other  hand,  it 
is  no  more  in  quantity  than  i.  necessary  to  produce  the  propulsion  of 
the  vessel     In  order  to  propel  the  vessel,  the  propeller  must  take 
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hold  of  and  push  the  water ;  the  water  will  slip  away  from  its  hold, 
but  in  the  very  act  of  slipping  the  propeller  must  dextrously  iay 
hold  of  it  in  just  so  many  instants  of  time  as  to  take  out  of  it  the 
greatest  push  with  the  least  slip ;  no  slip  is  nonsense — miich  slip  is 
folly ;  as  little  clip  as  is  practicable  may  be  fairly  demanded  of  the 
competent  marine  engineer.* 

,  Besides  propulsion  by  steam,  there  is  another  method  of  propul- 
sion, the  subject  of  an  entirely  distinct  profession  from  that  of  the 
engineer  and  architect;  that  is,  driving  ships  by  sails,  instead  of 
steam.  This  is  properly  the  vocation  of  the  seaman ;  and  it  is  his 
business  to  know  and  say  how  he  would  best  like  all  arrangements 
of  the  masts,  sails  and  yards,  so  that  he  and  his  crew  can  best  handle 
and  manage  them.  But  there  is  one  part  which  the  naval  architect 
should  do :  he  should  thoroughly  study  the  halanee  of  sail,  as  every 
ship,  according  to  the  qualities  of  her  design,  will  carry  her  sails 
badly  if  they  have  not  been  perfectly  balanced  in  conformity  with 
the  peculiar  properties,  proportions  and  dimensions  of  each  ship.  It 
is  the  naval  architect's  business  to  provide  the  seaman  with  a  perfect 
balance  of  sail;  and  it  is  the  latter's  province  to  know  how  to  use 
it,  and  handle  his  ship  properly  when  he  has  got  it.  Balance  of  sail, 
therefore,  must  be  studied  along  with  balance  of  body,  draft  of  water, 
trim  and  the  other  original  mathematical  elements  of  the  design  of 

There  is,  finally,  another  pdint  in  which  the  professions  of  the 
seaman  and  naval  architect  teueh  each  other  very  closely.  This  is, 
^he  trim  and  stowage  of  the  ship ;  and  the  reason  why  tlie  business 
of  the  sailor  here  touches  so  closely  upon  that  of  the  architect  is, 
that  a  little  ignorance  or  folly  on  the  part  of  the  seaman  can  neutral- 
ize and  undo  all  that  the  naval  architect  and  ship-builder  have  done 
for  the  good  qualities  of  the  ship. 

If  he  has  not  knowledge  enough  of  the  place  where  the  centre  of 
balance  of  uetght  of  the  ship  is  put,  and  does  not  contrive  te  keep  it 
where  it  ought  to  be,  but  fills  the  ship  with  improper  weights  at 
improper  places  he  will  ruin  the  performance  and  mar  the  reputa- 
tion of  the  finest  ship  in  the  world. 

But  few  '•eamen  know  these  things  thoroughly,  and  thereby  acquire 
reputation  both  for  themselves  and  their  ships.     With  an  ignorant 

*  The  term  Eagioeer  is  here  used  to  denote  the  designer  or  builder  of  an  engine. 
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to  know  whether  the  ship  be  a  good  or  a  bacl 
one. 

Now,  although  it  may  not  he  possible  for  a  sailor  to  be  also  a 
naval  architect,  inasmuch  as  each  profession  demands  the  study  of  a 
lifetime  to  learn  it,  yet  a  sailor  can  learn  and  should  know  enough  of 
the  architectural  points  of  a  ship  to  turn  them  to  the  very  best 
account;  and  it  will  be  necessary,  therefore,  farther  on,  to  investigate 
some  of  those  points  common  to  the  seaman  and  naval  architect. 
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Although  the  principles  which  guide  the  nayal  architect  in  the 
construction  of  ships,  and  govern  their  behavior  in  the  sea,  are  fixed 
and  invariable,  it  will  be  the  use  the  ship  is  to  be  put  to  which  must 
govern  the  naval  architect  in  the  application  of  those  principles  to 
practical  use.  Ships  employed  for  purposes  of  commerce,  for  mere 
pleasure  or  for  purposes  of  war  must  be  as  different  in  their  con- 
struction as  in  their  objects,  and,  accordingly,  the  different  classes  of 
ships,  designed  for  such  different  uses,  give  rise  to  distinct  depart- 
ments of  naval  architecture. 

For  the  purposes  of  war,  the  conditions  which  the  naval  architect 
has  to  fulfill  are  widely  different  from  those  he  has  to  meet  in  the 
design  of  a  merchant  vessel.  The  principles  which  guide  him  are 
the  same,  yet  the  points  of  practice  are  in  some  respects  easier,  in 
others  more  difficult.  The  merchant  ship,  in  its  voyages  around  the 
world  in  search  of  freight,  has  to  undergo  all  sorts  of  conditions  of 
emptiness  and  fullness,  of  lightness  and  deepness  of  draft,  and  has  to 
stow  all  sorts  of  cargoes,  with  every  variety  of  bulk  and  of  specific 
gravity.  Sometimes  she  has  to  carry  a  heavy  deck-load  with  little  in 
her  hold,  and  at  other  times,  so  much  weight,  so  deep  in  her  bottom, 
that  it  would  seem  to  be  almost  impossible  to  reunite  two  such  oppo- 
site uses  in  the  same  ship. 

The  man-of-war  has  but  one  duty — to  convey  a  known  weight  of 
guns  and  of  men  to  a  known  place ;  and  this  kind  of  work,  being  so 
exactly  known,  ought  to  be  infellibly  and  exactly  done.  That  a 
ahip-of-war,  under  such  known  conditions,  should  ever  have  a  mistake 
made,  or  an  inaccuracy  found,  in  her  draft  of  water,  her  stability  or 
her  speed,  might  seem-  therefore  disgraceful  if  it  were  not,  unhap- 
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pily,  too  common.  The  explanation  which  is  sometimes  given  is, 
that  those  whose  business  it  is  to  order  these  ships  are  unable  to 
settle,  beforehand,  what  they  are  intended  to  do,  and  that  they  are 
generally  afterward  ordered  to  do  exactly  that  for  which  they  were 
not  originally  designed.* 

There  is  one  peculiarity  which  belongs  equally  to  both  kinds  of 
vessels— that,  whatever  her  load  may  be,  she  must,  above  all  things, 
hefast.  In  commerce,  time  is  money ;  in  war,  time  is  victory  ;  and 
victory,  the  sole  object  of  war,  is  entirely  in  the  hands  of  the  man 
who  has  the  choice  when  and  where  to  meet  his  enemy.  This  is  an 
axiom,  and  needs  no  argument. 

To  have  ea^  viovementa  in  bad  weather  is  also  the  indispensable 
requisite  of  a  good  ship  of  both  sorts ;  but  the  quality  which  consti- 
tutes a  good  sea-going  vessel  may  have  to  be  given  to  them  in  differ- 
ent ways. 

In  a  merchant  ship,  the  lading  of  tbe  ship  being  variable,  and  its 
arrangement  entirely  under  the  disposition  of  the  shipmaster  and 
owner,  the  internal  adjustment  of  weights  may  be  so  made  as  to  give 
her  every  variety  of  quality.  In  the  ship-of-war,  on  the  contrary, 
the  disposition  of  weights  being  both  invariable  and  inevitable,  and 
fixed  by  the  indispensable  purpose  of  the  vessel,  the  sea-going  quali- 
ties must  be  given  by  the  naval  architect  alone,  in  his  original  design ; 
and  the  subsequent  adjustment  of  the  qualities  of  the  ship,  by  dispo- 
sition of  weight,  can  be  carried  out  only  within  narrow  limits.  It 
may  happen,  and  it  does  happen,  that  the  necessary  disposition  of  the 
greatest  weights  of  the  ship-of-war  are  hostile  to  the  sea-going  quali- 
ties of  the  vessel  and  to  tbe  desire  of  tbe  naval  architect.  The 
battery  of  the  ship  may  be  a  great  weight,  acting  high  out  of  the 
water ;  and  that  will  be  a  great  difficulty,  acting  with  great  power 
against  him. 

It  may  be  that  he  has  to  carry  heavy  loads  of  iron  armor  at  great 
distances  from  those  centres  of  his  ship  around  which  he  is  anxious 
to  have  the  most  complete  repose,  even  at  the  time  when  the  efforts 
of  the  sea  are  greatest  to  put  those  weights  into  violent  motion ;  yet 
these  very  causes  of  bad  qualities  for  the  seargoing  vessel  may  form 
a  specific  virtue  for  the  fighting  vessel.     The  successful  reconciliation 

*  Tbis  was  the  case  with  the  "  double -endera"  dnting  the  late  war — they  were 
designed  for  river  service,  bat  were  etoplojed  at  sea,  on  bloobade. 
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of  such  antagonism  is  the  highest  triumph  of  the  skill  of  the  naval 
architect  in  the  design  of  a  ship-of-war. 

A  third  condition  of  both  kinds  of  vessel,  differently  carried  out, 
according  to  the  diversity  of  use,  is  what  it  will  be  necessary  to  call 
"  eapaoity  of  endurance."  In  a  merchant  ship,  sailing  or  steamship, 
this  means  ability  to  carry  a  large  freight,  to  carry  it  at  small  cost, 
within  an  assigned  time.  To  do  this,  a  merchant  ship  should  main- . 
taia  her  given  speed  with  regularity,  independently  of  weather,  should 
do  so  at  moderate  wear  and  tear  in  all  the  elements  of  her  first  cost, 
and  should  effect,  at  the  same  time,  great  economy  in  ail  the  usable 
and  consumable  stores  which  form  a  great  part  of  her  floating  equip- 
ment and  provisions,  and  on  which,  in  great  measure,  the  profit  or 
loss  of  a  voyage  depends. 

For  a  ship-of-war  the  capacity  of  endurance  must  be  of  a  nature 
somewhat  different.  She  must  certainly  have  the  power  of  arriving 
with  certainty  at  the  place  where  she  is  wanted,  independently  of 
weather ;  but  her  sustaining  power  may  often  consist  in  her  ability  to 
keep  herself  in  good  fighting  order  for  a  long  time,  at  a  great  dis- 
tance from  home,  and,  without  exercising  her  greatest  power,  to  be 
in  a  condition  to  do  so  at  a  moment's  warning,  without  such  exhaus- 
tion of  her  resources  as  may  leave  her  helpless  at  a  critical  moment. 
This  is  a  kind  of  economy  of  a  very  different  nature  from  that  of  a 
merchant  ship,  but  must  be  originally  conferred  on  the  vessel  by  the 
forethought  of  the  naval  architect,  and  must  be  studied  and  carried 
into  effect  by  the  wisdom  and  knowledge  of  the  officer.in  command. 

There  is  another  branch  of  professional  knowledge  and  skill,  with- 
out some  acquaintance  with  which  the  naval  architect  cannot  design 
a  ship-of-war.  A  ship  that  cannot  work  and  fire  her  guns  when 
wanted  may  have  every  other  good  point,  and  be  worthless  for  want 
of  that.  The  architect  must  know,  then,  what  is  necessary,  in  order 
that  the  crew  may  work  the  guns  to  the  greatest  advantage,  and  thus 
aid  in  achieving  victory. 

Should  two  ships  engage  in  a  rough  sea,  the  mere  feet  that  the 
guns  in  one  could  be  better  handled  than  those  in  the  other  in  that 
state  of  the  weather,  might  be  the  turning-point  of  victory,* 

Ignorance  of  this  point,  therefore,  on  the  part  of  the  designer  of 

>  So  far  bock  as  tbe  time  of  tho  celebrated  ChapmaD,  eoustractors  nrcro  keeul;  alice 
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the  siip,  would  be  failure,  and  he  must  have  the  knowledge  of  all 
the  poinls  relating  to  the  placing  and  working  of  the  guns  before  he 
begins  his  design — not, 'as  we  frequently  see,  ajier  the  ship  is  built, 
and  when  it  is  too  late. 

But  magnificenf^sailing  men-of-war  must  be  considered  now  as 
finally  dismissed  from  service.  The  line-of-battle-ship,  fighting  under 
canvas,  is  no  match  for  the  little  iron-clad  gunboat.  It  is  probable 
that  no  such  vessel  will  ever  again  enter  into  action.  The  produc- 
tion of  the  fleets  of  the  future  is  at  present  a  race  of  competition,  of 
scieace  and  of  skill  between  the  great  maritime  powers  of  the  world, 
"Who  will  win  this  race  must  depend  much  upon  the  wisdom,  fore- 
thought and  capacity  of  the  men  who  preside  over  the  navy  of  each 
country. 

Taking  this  view  of  the  subject,  it  becomes  a  matter  of  paramount 
necessity  that  the  young  officers  who  will  eventually  command  our 
ships  and  lead  our  fleets  should  thoroughly  understand  the  conditions 
which  regulate  and  control  the  designs  of  the  steam  fleela  of  modem 
warfare,  and  the  methods  used  in  their  practical  construction;  and  it 
is  hoped  that  this  knowledge  may  promote  the  advancement  of  the 
national  interest,  both  political  and  mercantile. 
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GENERAL   CONDITIONS   OF  THE   PROBLEM   OF   NAVAL   ARCHITECTURE. 

The  professional  duty  of  the  naval  architect  being  to  frame  and 
complete  the  design  of  a  ship— the  word  "  design"  implying  plan, 
use,  or  purpose — therefore  the  first  duty  of  the  architect  is  to  ascer- 
tain accurately,  note  exactly  and  conceive  clearly  the  intention  and 
purpose  which  the  vessel  is  designed  to  fulfill. 

If  the  case  under  conBideration  is  that  of  a  merchant  vessel,  to  the 
owner,  then,  the  naval  architect  must  apply  for  a  clear  understanding 
of  all  that  the  ship  is  meant  to  be  and  to  do;  and  therefore  the  fol- 
lowing questions  may  be  of  sen'ice  in  eliciting  the  information 
necessary  before  commencing  the  design  of  the  vessel : 

The  owner  must  be  asked — ^first,  what  he  wants  his  ship  to  do? 
He  may  answer :  To  trade  between  New  York  ahd  New  Orleans, 

2.  What  kind  of  trade  he  proposes  to  carry  on? — Armc^.  A  mis- 
cellaneous trade,  partly  merchandise,  partly  passengers. 

3.  Wliat  quantity,  bulk  and  nature  of  cargo  ? — Ana.  500  tons  of 
dead  weight ;  25,000  cubic  feet  of  bulk,  for  cargo  in  the  hold. 

■  4.  What  kind  and  number  of  passengers? — Ana.  25  first-class,  20 
second-class  passengers. 

5.  What  sort  of  voyage? — Ans.  Once  a  month,  stopping  nowhere 
on  the  way. 

6.  At  what  speed  ? — An^.  An  average  of  8  knots, 

7.  Carrying  much  canvas  or  little? — Am.  To  depend  mainly  on 
steam,  the  sails  being  auxiliary, 

8.  At  what  estimated  cost  per  voyage  ? — Am.  81.75  per  mile. 

9.  How  much  is  the  owner  prepared  to  pay  for  his  vessel? — An^, 
1125,000. 
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10.  How  much  is  the  owner  prepared  to  pay  for  a  more  or  le=3 
durable  ship?  how  much  for  more  or  less  durable  engines  and  boil- 
ers? and  how  much  for  a  more  or  less  complete  equipment? — Aim. 
Ship  to  be  classed  twelve  years,  A  Ko.  1 ;  engines  and  boilers  to  be 
those  least  likely  to  fail  when  wanted,  most  economical  in  repairs 
and  consumption  of  fuel;  and  15  per  cent,  preference  to  be  allowed 
on  the  price  of  good  engines  and  boilers  over  indifferent 

11.  What  draft  of  water? — Ans.  Load  draft  not  to  exceed  15 
feet ;  no  other  limit  as  to  dimensions. 

12.  What  class  of  shipmasters  and  engineers  to  be  employed? 
Ans.  The  best  master  and  engineer,  without  reference  to  salary. 
(The  owner  will  do  well  to  select  his  master  and  engineer,  and  put 
them  in  communication  with  the  naval  architect  before  the  ship  is 
built.) 

13.  Is  the  ship  to  be  confined  exclusively  to  this  trade,  or  may  she 
have  in  iliture  to  be  employed  on  other  voyages? 

Now  from  the  master  and  engineer  the  architect  may  receive 
information  oa  the  following  questions  : 

14.  What  is  the  true  length  of  the  voyage  according  to  the  eouree 
usually  followed  ? 

15.  What  has  been  the  average  performance  of  any  known  vessels 
on  the  line  ? 

16.  What  would  require  to  be  the  maximum  speed  of  a  vessel  in 
good  sailing  trim  in  order  to  realize  an  average  working  speed  of 
eight  knots  an  hour  on  the  voyage? 

17.  What  sort  of  ships  and  engines  have  hitherto  been  employed 
to  do  this  sort  of  work  ? 

18.  With  how  many  officers  and  hands  as  crew,  and  how  many  in 
the  engine-room,  is  this  ship  proposed  to  be  worked? 

19.  Besides  the  room  required  for  cargo,  for  passengers  and  for 
attendants,  how  much  is  to  be  reserved  for  machinery,  for  coals,  for 
ship's  company,  for  ship's  stores,  for  provisions  and  equipment? 

20.  What  is  the  exact  nature  of  the  equipment  required  for  this 
peculiar  voyage? 

21.  What  are  the  weights  to  be  carried  under  these  respective 
heads? 

These  are  the  conditions  of  the  problem,  without  which,  as  pre- 
liminaries, the  design  of  the  ship  cannot  even  be  begun,  and  all  of 
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them  must  be  sought  and  given  to  the  naval  architect  at  tlie  outset, 
in  order  to  prevent  much  of  his  work  being  mere  waste. 

The  result  of  all  these  inquiries  will  lead  him  to  this  most  important 
and  primary  issue,  which  may  be  said  to  determine  the  chief  charac- 
teristic of  his  ship — namely,  the  burden  she  must  carry  and  the  buik 
she  must  stow.  In  addition  to  her  own  powers  to  swim,  she  must 
have  power  to  carry ;  and  the  total  weight  she  must  carry  when  full 
is  1000  tons.  But  the  vessel  herself  will  weigh  a  known  quantity — a 
quantity  either  suggested  to  him  by  some  vessel  he  already  knows,  or 
which  he  must  find  out  by  calculation ;  but  suppose  it  be  assumed 
that  his  ship  will  weigh  600  tons  in  addition  to  the  1000  tons  before 
stated. 

The  ship,  therefore,  with  her  equipment,  her  freight  and  her  stores, 
gives  a  dead  weight  to  be  dealt  with  in  the  design  of  1500  tons.  This 
is  technically  called  "the  total  deep-load  displacement  of  the  ship," 
and  forms  the  first  condition  of  the  problem.  It  is  the  dead  weight 
to  be  carried;  and*the  question  is,  How  best  to  carry  it?  This  is 
treated  of  under  the  head  of  "Displacement." 

The  foregoing,  drawn  from  the  necessities  of  the  merchant  service, 
will  serve  also  to  suggest  a  similar  series  of  requisitions  to  be  made 
before*  commencing  the  design  of  a  vessel  of  war.  The  nature  of  the 
service  on  which  a  man-of-war  is  to  be  employed,  the  harbors  she  is 
to  enter,  the  length  of  a  voyage  on  which  she  may  be  sent,  the 
number  of  her  crew,  the  weight  of  her  guns,  ammunition,  equip- 
ment and  stores,  and,  for  a  stcai^  vessel,  the  power  required  to  drive 
her  at  a  given  speed,  and  the  coal  required  to  take  her  a  given,  dis- 
tance, with  a  multitude  of  particulars  quite  as  minute  as  those  given 
in  the  case  of  the  merchant  vessel,  must  be  obtained  by  the  naval 
architect  before  he  can  commence  his  design. 

It  is  sometimes  the  practice  to  ask  a  designer  to  build  a  ship-of- 
war,  and  to  tell  him  that  it  will  be  time  enough  to  consider  all  the 
details  of  her  armament,  equipment,  special  construction  and  desti- 
nation after  tbo  design  has  been  completed  and  while  the  ship  is  in 
progress.  This  is  a  fallacy :  it  will  not  be  time  enough ;  it  will  be 
too  late. 

Most  of  the  failures  in  this  country  have  been  produced  by  build- 
ing the  ships  first  and  settling  what  they  were  to  do  afterward.  The 
naval  architect  who  respects  his  profession  should  never  design  his 
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ship  until  all  the  requisite  data  have  been  giveu  him.  Without  this 
there  can  be  no  science  of  naval  architecture,  and  no  plan  of  a  ship 
worthy  of  being  called  a  design. 

But  when  these  have  been  obtained,  he  should  arrange  them, 
reconcile  them,  and  finally  determine  them  by  setting  them  out  in  a 
formal  manner,  in  what  may  be  called  the 

Scheme  of  Conditions  of  Constkuction, 

which  forms  afterward  a  programme  of  work  to  be  done  in  forming 
the  design  of  a  ehip. 

Scheme  fw  the  Construction  of  a  Merchant  Steamer. 


Pawengers,  25  first  cl'uia 

8,250 



"         20  second-clasa 

"3,000 



Engines  and  boilers  (with  water) 

7,500 

■  150 

Fael  and  engineers  stores 

10,000 

200 

7,500 

150 

Ship's  hull  and  internal  fittings 

17,500 

3-50 

ProyisiotiB  and  water 

2,50(1 

50 

Officers,  engineers,  serranta  and  cren 

7,500 

10 

Spare  capacity  ind  wei^lit 

^,250 

90 

Qroh'i  capacity  and  weight 

90,000 

1,500 

Voyage  of  1500  >ta  milcB  (knots). 

A  mean  speed  of  8  knots. 

Load  draft,. 

15  ftet 

Speed  in  smooth  water 

10  kmts 

Fuel  per  mile 

1  >-  cyvt  UeS  lbs.) 

rOflicers 
Ship's  company  !  Engineer  and  aosist-ints 
(,  f  rew  and  coal  heavers 

') 

.u 

»  hands. 

Time  of  single  voyage  eight  days 
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Scheme  for  a  Man-of-war  Screw  Steamer — (Ist-Rate). 

Bulks._  IVrighM. 

Engine  .nd  boilers  (with  water)  |  ^""^  ^^^^ 

Engmeer'B  stores J 

Fuel 50,000  1,000 

Guns,  50 100,000  300 

Powder  and   tanks,  including  space  for  light 

rooms 6,000  50 

Shot  and  Hhell „ 2,000  lorf 

Ordnance  stores 3,600  50 

Water  for  four  weeks,  for  500  men 3,500  75 

Bread  for  six  months,  for  500  men 4,500  50 

Other  provisions  for  8ii  months 7,000  100 

Masts,  jards,  rigging  and  sails 155 

Spare  sails  and  sailmaker's  stores 3,000  30 

N.,lg.W..t.,™l  ^^ 

IJoatswam  s  stores  t 

Carpenter's  stores , 1^300  20 

Boats : 12 

Chain  cables 1,500  6-5 

Anchors 22 

Officers'  stores 2,500  10 

Paymaster's  and  majines'  stores 2,000  16 

Galley  and  tMndensera 600  12 

Officers,  crew  and  eflects  (500) 60 

Shaft  alley 5,000 

Wing  passages 5,000 

Ventilating  passages 2,000 

Mast-rooms  and  hatchways 2,800 

Spare  bulk  and  weight 24,000  118 

Weight  of  ship's  hull 3,000 

Total  capacity  and  weight. 280,000  6,300 
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For  the  calculation  of  tho  displacement  of  a  man-of-war,  the  fol- 
lowing may  be  useful : 

Weight. 
One  Sl-inch  Pivot  gun,  with  ammnnition  and  equipment 

complete  (see  Table  I.) 62,935  lbs. 

One  IX-ineh  gun,  etc.,  complete  (Broadside  cairiage) 22,656    " 

One  Vlll-incli      "               "                            "                16,342    " 

One  32-pounder    "              "                           "               11,054    " 

One  100-pounder  Eifle  gun,  complete  {Pivot  carriage) 34,153    " 

One  60-pounder          "               "                    "               19,435    " 

One  6ft-pouiider          "               "          (Broadside  carriage)  15,630    " 

One  man,  with  clothes  and  other  articles 0.11  tons. 

Provisions,  with   tare  and  fuel  for  cooking,   etc.,  for  one 

month 0.07     " 

Wa,t«r,  with  tare  for  one  man  for  one  month 0,14     " 

Steam  engines  withboilers,  and  water  in  boilers,  coal  bunk- 
ers and  stores  per  nommal  horee-power 0.71      " 

Coal  for  one  nominal  horse-power  in  24  hoars 0.15      " 

In  the  old  sailing  frigates,  bailout  was  carried  to  ensure  stability. 
This  was  sometimes  twice  the  weight  of  the  guns.  Ships  with  full 
steam-power  do  not  need  ballast  for  stability,  yet  a  little  is  usually 
carried  for  trimming  ship. 
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The  number  of  n 


y  be  taken  as  follows ; 
TABLE  11. 


Pivot  GUns. 

Broamide  Gtjks. 

i 
1 

i 

1 

i 

s 

1 

S 

-i 

J 
g 

J! 

! 

3S3 

Ii 

1^ 
S3 

p. 

:-l 

i 

s 

1 

i 

II 

1 

II 

11 

>iZ 

i 

^ 

> 

cs 

« 

!iS 

s!4 

^S 

24 

20 

16 

10 

8 

6 

16 

U 

12 

12 

10 

8 

6 

The  additional  men  for  powder  division,  master's  division,  en- 
gineer's and  other  divisions  must  be  calculated  from  the  tables  in 
the  Book  of  Allowances.  A  ship  to  carry  a  specific  battery  must 
have  the  total  -number  of  persons  in  aocordance  with  that  battery, 
together  with  the  extra  number  for  her  power  a'*  a  steam  ve'-sel, 
fiiUy  ascertained  before  a  design  can  be  commenced  The  Book  of 
Allowances,  United  States  Navy,  gives  all  the  requisite  data  for 
finding  full  complement.  For  steam  merchant  ■^  eels  the  following 
Sailing  vessels  carry  somewhat  "mailer  crew« 


600... 

800... 
1000... 
1500... 
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CHAPTER  VI. 


It  wis  Archimedes  the  phil  D-iopher  who  discovered  the  law  of 
difcpUcement ,  or  that  floatug  bodxe.*  du  place  a  weight  of  water 
fxattl}  equal  to  their  own  weight  and  it  is  owing  to  this  discoTery 
that  the  pnncipleB  of  flotition  are  undcratuod 

The  law  of  diEplacemeat  ansists  of  two  parts  :/ra(,  that  a  body 
phced  under \\ ater  di^plaLea as  much  water  tb  its  own  bulk;  secondly, 
th^t  it  floats  when  it  WLighf  less  than  the  water  it  displaces. 

This  principle,  although  the  foundation  of  ship-huiiding,  has  also 
a  great  many  other  useful  applications.  If  you  have  anything  of 
awkward  shape,  and  you  want  to  measure  its  bulk — say  a  piece  of 
wood  or  a  model  of  a  boat— take  a  vessel  of  water  large  enough  to 
hold  it ;  place  it  where  it  may  run  over,  and  where  the  overflow  of 
the  water  can  be  retained ;  put  the  substance  under  water  and  mea- 
sure the  overflow.  That  in  gallons,  or  in  cubic  inches,  is  the  exact 
bulk  of  the  body.  For  rough  and  ill-shaped  substances  there  is  no 
better  way  than  this.  Bodies,  therefore,  which  are  designed  to  float 
in  the  water  must  be  so  designed  that  when  they  are  put  into  the 
water  sufficiently  far  to  swim  just  so  much  out  of  the  water  as  is  in- 
tended, the  part  in  the  water  shall  be  of  the  exact  size  necessary  to  dis- 
place the  quantity  of  wat«r  intended,  while  the  body  which  floats  shall 
he  of  the  exact  weight  of  the  water  it  is  designed  to  displace.  In  short, 
displaced  bulk  for  immersed  bulk,  and  weight  for  weight,  the  floating 
body  and  the  water,  whose  place  it  occupies,  must  be  identical. 

Let  us  see  _what  will  happen  if  this  .be  not  accurately  done.  Sup- 
pose the  bulk  of  the  body  has  been  made  too  small  for  the  weight 
which  it  is  intended  to  carry,*  tlien  the  vessel  will  sink  deeper  into 

»  The  "  Ught-drafl"  monitora  buHt  during  tlie  late  war  ate  iiistanops  of  an  error 
of  this  kind. 
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the  water  than  had  been  intended ;  and  by  sinking  so  much  will  dis- 
place the  additional  quantity  of  water  necessary  to  make  up  the  extra 
weight,  and  so,  though  it  swiras,  will  swim  too  de«p.  More  displace- 
ment must  therefore  he  found  to  meet  the  deficient  weight ;  the  vessel 
which  was  intended  to  swim  light  will  swim  deep  in  the  water,  unless 
hep  weight  be  diminished  by  lightening  until  she  return  to  her  former 
intended  depth  :  what  is  to  be  taken  care  of  in  the  calculation,  there- 
fore, is  that  at  whatever  depth  it  has  been  decided  that  the  ship  shall 
float  in  the  water— or,  which  is  the  same  thing,  at  whatever  height 
the  upper  part  is  to  float  above  the  water — in  that  position  the  bulk 
of  the  part  in  the  water  and  the  weight  of  the  whole  ship  and  its 
contents  must  be  so  designed  as  to  be  exactly  equal  to  the  bulk  of 
'the  water  to  be  displaced  by  the  ship  and  the  weight  of  the  water  to 
be  so  displaced. 

In  a  ship,  however,  it  is  necessary  to  do  more  than  calculate  one 
displacement  There  are  iuv  critically  important  displacements  to 
be  calculated  for  every  vessel. 

Displacement  when  she  is  lying  in  the  water  ready  to  take  in  her 
guns  or  stores  or  cargo,  or  in  the  lightest  state  in  which  she  will  ever 
swim — that  is,  with  a  clean-swept  hold;  this  is  called,  technically, 
"light  displacement."  The  other  is  "load  displacement,"  which  is 
calculated  for  the  heaviest  weight  she  will  ever  carry,  and  the  deepest 
draft  of  water  to  which  she  will  ever  sink  under  a  load.  These  are 
the  two  important  drafig  or  depths  of  the  ship  in  the  water. 

To  calculate  these  the  constructor  must  first  ascertain  the  exact 
weight  of  tiie  hull  of  the  ship.  He  must  include  in  the  weight  of 
the  hull  all  the  essential  parts  attached  to  and  connected  with  that 
hull.  He  must  add  to  that  the  full  equipment  necessary  to  fit  her 
for  sea-going  use ;  but  he  must  not  include  those  stores  (water,  pro- 
visions, coals,  etc.)  which  are  to  be  consumed  in  actual  service.  This 
weight  of  hull  and  equipment  for  service  cenatilute  tho  data  on  which 
to  construct  the  light  displacement  of  the  ship. 

The  load  displacement  is  next  to  be  calculated.  The  data  for  this 
consists — first,  of  the  light  displacement;  and  secondly,  in  addition  to 
this,  of  all  the  stores,  provisions,  water,  coals  and  consumable  com- 
modities to  he  used  on  the  particular  voyage  or  service  intended, 
together  with  the  cargo,  freight,  etc,  of  every  kind  which  has  to 
come  on  board. 
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To  the  "  light  displacement"  corresponds  wiiat  is  called  "  the  light 
drafi"  or  light  lioe  of  the  ship.  To  the  load  displacement,  "  tite  load 
drajl"  OP  load  water-line.  There  is  also  the  "  light  trim"  and  "  the 
load  trim"^tTim  meaning  difference  of  draft,  or  rather  the  diflereoce 
between  the  depth  of  the  after  part  of  the  ship  under  water  and  that 
of  the  fore  part.*  It  is  usual  to  give  a  ship  such  trim  that  the  draft 
of  water  abaft  is  somewhat  greater  than  the  draft  forward,  and  in 
this  case  she  is  said  to  be  tHmned  by  ike  stem.  If  it  were  the  con- 
trary, she  would  be  said  to  bo  trimmed  by  the  head.  This  is  what  is 
meant  when  we  say  a  ship  is  trimmed  2  feet  by  the  head,  or  2  feet 
by  the  stern;  this  difference  of  2  feet  being  technically  called  the 
trim.  When  a  vessel  trims  neither  by  the  head  nor  stem,  but  draws 
the  same  water  forward  and  aft,  she  is  said  to  be  "on  an  even  keel;" 
and  it  is  usual  to  take  a  middle  draft,  halfway  between  the  two,  and 
to  call  it  "the  mean  draft,"  so  that  a  ship  which  is  trimmed  to  21 
feet  hy  the  stern  and  19  feet  at  the  bow,  is  said  to  have  "  a  mean 
draft"  of  20  feet  In  this  case  it  Is  common  also  to  call  this  20 
feet  "  the  draft  of  the  ship,"  and  to  call  the  greatest  draft  of  water 
(21  feet)  "the  extreme  draft;"  but  in  the  calculation  of  displacement 
it  is  general  to  nse  the  "  mean  draft." 

The  elements  to  be  considered  in  calculating  displacement  are  as 
follows : 

1.  Dead  weight  when  light. 

2.  Dead  weight  when  laden. 

3.  Light  draft  of  water. 

4.  Light  trim. 

5.  Load  draft  of  water. 

6.  Load  trim. 

These  elements  being  settled,  the  naval  architect  may  calculate 
exactly  the  displacement  of  ■&  ship  of  any  given  form  of  which  he 
may  possess  a  design— /rs(,  for  her  light  draft  of  water ;  second,  for 
her  load  draft. 

First.  For  her  light  draft  he  marks  off  on  the  drawing  of  the  ship 
the  exact  part  of  the  body  of  the  vessel  which  will  be  under  water 
when  she  floats  light.  He  calls  this  "  the  immersed  body"  of  the 
vessel  (light).  He  then  measures  exactly  and  calculates  geometri- 
cally the  bulk  of  this  immersed  body ;  this  bulk  will  be  expressed  in 

»  Commonly  Ciaied"rf7n(;." 
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SO  many  cubic  feet — say  18,000,  He  next  takes  the  weight  given  for 
the  ship  and  her  equipment  when  light — say  500  tons. 

Now  he  knows  that  a  ship  will  float  at  a  given  draft  of  wa,ter  when 
the  quantity  of  water  she  displaces  is  of  exactly  the  same  weight  as 
herself,  and  in  this  case  the  weight  is  given  as  500  tons.  The  ques- 
tion, therefore,  is,  Whether  the  volume  of  water — namely,  18,000  feet 
— which  is  the  bulk  of  the  immersed  body  (and  which  is  therefore  the 
quantity  of  water  displaced^,  wiil  weigh  more  or  less  than  500  tons  ? 

Now,  it  will  be  found  that  the  bulk  of  500  tone  of  water  is  just 
18,000  cubic  feet,  and  the  displacement  of  the  ship,  as  measured,  is 
also  18,000  cubic  feet ;  this,  therefore,  is  the  true  light  displacement. 

Secondly.  For  her  load  draft  he  marks  off  on  the  drawing  of  the 
ship  the  exact  part  of  the  body  ot  the  vessel  that  will  be  under  water 
when  she  is  deeply  laden  He  thnn  measures  exactly  and  calculates 
geometrically  the  bulk  of  that  part  of  the  vessel  which  was  formerly 
out  of  the  water,  but  which  has  now  been  sunk  under  it  by  the  lading. 
Suppose  this  bulk  to  be  36,000  cubic  feet.  Thirty-six  thousand  cubic 
feet  weigh  1000  tons;  therefore,  1000  tons  is  the  dead  weight  of 
cai^  which  the  ship  will  carry  on  the  given  load  water-line. 

But  the  total  load  displacement  of  tlie  ship  consists,  first,  of  the 
light  displacement  of  18,000  cubic  feet;  second,  of  the  lading  dis- 
placement of  36,000  cubic  feet  more ;  so  that  the  total  displacement 
of  the  ship  when  laden  is  the  sum  of  the  two,'  or  54,000  cubic  feet. 
The  immersed  body  of  the  ship  at  the  load  draft  has,  therefore,  a 
total  displacement  of  54,000  cubic  feet;  and  the  ship  with  her  cargo 
fioats  a  total  weight  of  1500  tone. 

Calculating  the  weight  a  ship  will  carry  at  a  given  draft  of  water,  is 
tlien  a  mere  question  of  the  measurement  of  the  bulk  of  that  part  of 
the  ship  which  will  then  be  underwater,  and  which  is  called  the  "im- 
mersed body."  For  every  cubic  foot  of  that  immersion  the  weight 
of  a  cubic  foot  of  water  is  allowed,  and  thence  is  obtained  thc.num- 
ber  of  tons  weight  the  water  will  support ;  this  is  called  the  "  floating 
power"  of  the  ship,  and  really  represents  the  buoyant  power  of  the 
water  acting  on  the  outside  of  the  ship.  The  ship  itself  has  no  power 
to  carry  anything,  or  even  to  float ;  all  it  does  is  to  exclude  the  water 
and  enclose  the  cargo.  The  ship  is  merely  passive,  the  water  carry- 
ing both  ship  and  cargo.*     Buoyancy  is,  therefore,  the  power  of 

»  An  iron  ship  will  best  iilHstrote  this. 
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water  to  cany  a  given  ship.  It  is  proportioned  exai 
bulk  of  the  body  of  the  ship  under  water,  and  its  force  is 
by  the  weight  of  the  water  displaced,  and  which  is  called  the  ship's 


The  floating  power  of  a  ship  has  nothing  to  do  with  the  shape  of 
the  ship,  but  is  entirely  due  to  its  swe  or  bulk.  Practical  ship- 
builders, ignorant  of  the  laws  of  naval  architecture,  have  imagined 
that  they  could  confer  surprising  powers  of  flotation  and  ability  to 
carry  heavy  weights,  merely  by  giving  certain  "proper"  shapes, 
imagined  by  themselves,  to  the  immersed  bodies  of  their  ships.  This 
delusion  was  common  at  one  time,  but  has  now  passed  away ;  yet  it 
will  take  a  great  deal  of  thought  to  understand  thoroughly  why  no 
possible  invention  of  shape  can  give  to  a  ship  lie  power  of  greater  or 
less  buoyancy  than  is  measured  by  the  exact  weight  of  water  of  her 
displacement.  It  is  herein  that  the  merit  of  tlie  discovery  by  Arcliim- 
edes  consists,  since  the  existence  at  one  time  of  an  opposite  opinion 
tends  to  show  that  the  principle  of  flotation  is  by  no  means  self- 
evident. 

TABLE  irr. 

Standards  of  Dvfplacemen.1. 


Weights. 

BaLKS. 

S... 

•iHm 

*36  cubic  feet  fresh  water 

2X     3X 

6  feet. 

+1 

2  X  2.5  X 

7    ■' 

•62  5  lbs 

*1  cubic  foot  fresh  water..... 

IX     IX 

Ifoot. 

t64 

1           "        sea  water 

IX    IX 

1    " 

JIO 

I  gallon  of  fresh  watfir....„ 

6X    6X 

7.69  inches. 

lib 

J  '7.648-cub.  inch,  fresh  water 

3X     IX 

9.21G  " 

1  oa  ce 

L728     _" 

IX     IX 

1.723  " 

0  5S  ounce 

1  cobic  inch               " 

IX     IX 

I         " 

2Co  a 

72  cubic  feet 

6X    6X 

5 

180 

6X     8X 

5    ■' 

10 

o60          "                     " 

ex   6x 

10   " 

lOO 

3  COO 

6X  12X 

50    " 

200 

7  200          "                     " 

6  X  12  X  100    " 

i,mo 

36  000 

12X  24X 

25    " 

10,000 

a60  000          " 

24  X  50  X  30O   " 

30,000 

720  000 

24  X  75  X  400    " 

'  62,6  ponnd3  =  ^,S4  tans - 
taillH.-s'sWnseKi^tly.a 
i  The  impfrial  giUlon  contains 


S  tons  nearly,  and  1  ton  -  55.84  ft.  dKttlM  wnlsr, 

1  ton  =  38  cnbic  ft.  e&lt  Hater. 

)  lbs.  of  distilln]  vntec  at  a  temperature  of  62.5  rahrenlieit,  and 

.    If  ordinary  freah  water  is  t&ken  at  a  lower  temperature  (etty 

toat  of  trssb  irater  will  weigh  exactly  1000  oiiDces.  or  f&i  Ibe. 
rrect  wltUlu  a  very  smaU  fraction.    In  round  numbera,  Se  cublo 
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Ieon  and  steel  are  heavier  than  water,  nevertheless  out  of  them 
can  be  formed  ships  which  will  not  only  float  well  above  the  eurfece, 
but  will  carrj-  within  them  weights  much  heavier  than  themselves. 
Iron  is  nearly  eight  times  heavier  than  water,  and  sinks  instantly ; 
lead  is  fourteen  times  heavier,  and  gold  nineteen.  Nevertheless  gold 
and  lead  may  be  floated  in  ships  of  iron  and  steel ;  and  structures 
every  portion  of  which  would,  if  separate,  sink  to  the  bottom  of  the 
water,  can  be  so  combined  as  to  float  lightly  on  the  top.  The  means 
by  which  this  is  accomplished  is  a  dextrous  appiicatiim  of  the  forces 
of.  pressure  of  the  water  in  such  a  manner  that  the  downward  pres- 
sure of  the  weights  on  a  ship  shall  be  counteracted  by  an  equal  up- 
ward pressure  from  the  water  under  the  ship,  and  so  the  vessel  be 
prevented  from  descending  into  it  more  than  intended. 

But  this  is  not  the  only  use  to  be  made  of  the  pressure  of  water, 
since  a  ship,  although  supported  from  below,  may  roll  over  by  its  own 
weight,  or  may  be  overset  by  the  force  of  the  wind  or  the  force  of  the 
waves ;  and  so  it  becomes  necessary  to  call  in  the  aid  of  the  force  of 
the  water,  not  merely  to  keep  the  ship  from  sinking,  but  to  prevent 
it  from  being  overset.  In  the  first  case,  the  water  gives  buoyancy 
only ;  in  the  second  case,  it  is  said  to  give  stability  also.  In  the 
former  case,  it  gives  vertical  support;  in  the  latter  case,  it  gives  lateral 
support.  The  two  great  services  required  of  water  are,  therefore — 
first,  buoyancy  to  support  bodies  much  heavier  than  itself;  second, 
stability  to  he  given  to  bodies  which  are  unable  to  keep  themselves 
in  an  upright  position  without  its  aid. 

Thus,  from  an  element  which  is  light,  movable  and  unstable  is  to 
be  drawn  support  and  stability  by  the  art  of  naval  construction.  It 
is  plain,  therefore,  that  art  and  skill  can  have  no  sure  foundation 
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except  in  a  complete  comprehension  of  tbe  nature  of  water  and  of  the 
laws  which  govern  the  application  of  its  force. 

The  first  property  of  water,  commonly  called  its  liquidity,  is  its 
absolute  indifference  to  shape ;  that  is,  it  presses  on  all  shapes  equally. 
The  second  quality  of  water  ia  Hie  absolvie  proportion  of  its  pressure  to 
depth.  The  third  property  of  water  is  the  proportiAin  of  its  pressure  to 
the  extent  of  tite  surface  on  which  its  presses,  altogether  regardless  of  the 
direction  of  that  mr/aee.  The  three  elements,  therefore,  for  the  calcu- 
lation of  the  mechanical  force  of  water  are  weight,  d&pth  and  extent 
of  mrfa^,. 

It  is  the  liquidity  of  water  which  takes  from  it  any  tendency  to 
assume  fixed  form  in  its  own  masses  (as  frozen  water  or  ice  does),  or 
from  exerting  any  force  (as  solid  bodies  do)  to  keep  a  shape  in  which 
it  has  been  put.  Aa  a  liquid  it  will  take  the  exact  shape  of  any 
vessel  into  which  it  is  poured,  as  well  as  the  exact  shape  of  any 
solid  placed  in  or  on  it.  Therefore,  to  know  how  much  any  vessel 
of  curious  shape  will  hold,  fill  it  with  water  and  then  empty  its  con- 
tents into  some  vessel  of  known  size;  the  resftlt  is  tlie  exact  capacity 
of  the  vessel. 

Again,  if  you  wish  to  know  the  bulk  of  anythipg  of  complicated 
form,  plunge  it  into  water,  forcing  the  overflow  of  waf^ir  into  some- 
thing that  you  can  measure  it  with.  The  bulk  of  the  displaced  water 
is  exactly  what  is  occupied  by  the  body  now  in  water.  This  free 
flowing,  easy  spinning  and  perfect  fitt  ng  of  water  seems  to  imply 
that  it  has  no  force,  no  resLta  ce  to  noving,  no  power  of  effort. 
Could  it  be  fancied  that  water  had  no  weight,  it  might  be  fancied 
also  without  strength  or  resistance 

Therefore,  as  liquidity  allows  water  to  be  parted  hither  and  thither, 
and  turned  into  any  and  every  shape  indifferently,  one  must  look  for 
the  source  of  its  power  to  sustain,  to  resist  and  to  act  in  its  next 
quality— weight,  which  quality  of  matter  is  also  indiflerent  to  shape. 
The  weight  of  a  piece  of  iron,  for  example,  cannot  be  altered  by 
changing  its  shape.  -The  weight  of  a  quantity  of  water  is  the  same 
whatever  the  shape  of  the  vessel  it  may  be  put  into,  or  whatever 
shape  of  outline  may  be  given  to  it. 

The  measure  of  weight  in  a  ^iven  quantity  of  water  is  as 
follows: 
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250  grain 

5=      .036  1b. 

oOllU      " 

=      .43    " 

7U0O  _^  " 

=   1. 

lUOO  ounce 

H  =  62.5      " 

1  too. 

1  cubic  inch 
12     "      inches 


These  numbers  are  con^enieat  for  the  purpose  of  the  naval  archi- 
tect, yet  it  mu-it  be  remembered  that  ali  \iater  is  not  precisely  alike 
in  weight  The  purer  witera  are  represented  by  the  above  figures 
sufficiently  well  fijr  all  practical  purposes ,  but  salt  water  weighs 
more  than  nver  water,  and  \  anes  in  difierent  seas.  Some  sea  water 
is  so  heavy  that  35  cubic  feet  will  make  a  ton,  mstead  of  36,  and  such 
salt  water  carries  ships  better  than  fresh,  in  the  proportion  of  36  to  35. 

Id  calculations  of  ships  for  the  sea,  35  feet  may  be  conveniently 
taken  as  a  ton,  and  64  lbs.  as  the  weight  of  a  cubic  foot. 

The  nature  of  the  pressure  of  water  is,  that  it  will  flow  freely  into 
any  vessel  into  which  it  is  allowed  to  run,  and  will  fit  it  exactly. 
But  if,  in  the  bottom  of  the  vessel,  it  find  a  hole  or  a  weak  place,  it 
will  rush  out  there  if  not  stopped  by  force.  If  force  be  applied  to 
the  hole  or  the  weak  place  to  prevent  the  escape  of  the  water,  this 
force  is  measured  exactly  by  the  height  of  the  water  above  it  and  by 
the  sisie  of  the  hole. 

The  next  point  in  the  nature  of  the  pressure  of  water  is,  that  under 
the  pressure  due  to  its  depth  the  water  is  indifferent  to  direction ;  for 
if,  at  the  depth  of  one  foot,  the  pressure  downward  is  .43  lb.  on  an 
inch  of  surface,  there  is  that  pressure  of  .43  lb.  on  that  inch,  whether 
it  lie  with  its  face  downward  or  upward,  backward  or  forward,  to 
the  right  or  to  the  left,  or  in  any  degree  of  obliquity  of  direction. 
Pressure  proportioned  to  depth,  to  extent  of  surfecc,  but  alike  for  all 
shapes  and  for  all  directions,  is  characteristic  of  water  pressure. 
The  quantities  given  as  the  weights  of  water  enable  one  to  measure 
exactly  its  pressure.  If  the  water  be  a  foot  deep,  and  the  hole  a, 
square  inch,  the  pressure  of  the  water  outward  is  measured  (for 
fresh  water)  by  the  weight  .43  lb. ;  at  double  the  depth,  .86  lb. ;  and 
for  every  foot  of  water  an  equal  added  weight.  To  stop  it  requires 
just  this  weight  applied  the  contrary  way.  The  pressure  of  water 
trying  to  get  out  of  a  full  vessel  which  confines  it  is  not  difierent  in 
kind  or  quantity  from  the  pressure  of  water  that  surrounds  a  vessel, 
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trying  to  get  into  it.  If  an  opening  be  made  under  water  in  an 
empty  vessel,  like  a  diving-beU  or  a  ship,  the  water  around  it  will 
press  into  it  with  just  the  same  force  as  it  would  press  out  of  a  full 
\  esse],  because  the  frater  is  indifferent  to  the  direction  of  the  pressure. 

The  pressure  of  water  into  a  vessel  submerged  in  it  being  about 
43  lb  for  (itli  inch,  it  lollowa  that  at  the  depth  of  36  feet  the 
pressure  on  one  inch  of  the  vessel  la  15  5  lbs. 

Therefore,  m  a  deep  ship  the  preasure  is  greatest  at  the  bottom, 
since  the  water  presses  against  her  on  every  inch  of  "skin"  with  a 
force  of  43  lb  for  each  foot  of  draft  At  1  foot  draft,  the  water 
presses  inward  43  lb  ,  at  7  ie«t,  J  lbs.  on  the  inch;  at  28  feet, 
12  lbs  on  the  inch,  and  at  36  fett,  15.5  lbs.  to  the  inch.  This  is 
the  measure  of  the  force  required  to  prevent  water  leaking  into  a 
ship  through  the  seams  of  the  sides  and  bottom,  as  well  as  the  force 
that  crushes  her  inward,  and  requires  strength  in  the  hull  to  resist  it. 

The  powet;  of  water  to  float  bodies  is  given  by  nothing  more  than 
the  pressure  of  water  under  the  vessel  which  is  pushing  it  upward. 
To  measure  the  buoyancy  is  nothing  more  than  to  measure  the  pres- 
sure of  the  water  on  the  whole  bottom  of  the  ship  upward,  Let 
it  be  conceived  that  she  has  a  flat,  level  bottom  and  upright  sides, 
and  floats  10  feet  deep  in  the  water,  then  the  buoyancy  and  floating 
power  of  the  ship  will  be  measured  by  the  upward  pressure  of  the 
water.  At  10  feet  below  the  water,  this  pressure  is  625  lbs.  upon 
each(  foot  of  skin.  Therefore  reckoning  the  number  of  feet  on  the 
bottom  to  be  say  1000,  the  upward  pressure  of  the  water,  or  buoy- 
ancy, will  enable  her  to  carry  625,000  lbs. 

In  this  calculation  of  buoyancy,  the  upward  pressure  of  the  water 
has  been  measured  by  the  same  rule  as  if  it  had  been  downward 
pressure,  because  it  has  already  been  shown  that  it  is  the  character- 
istic property  of  water  pressure  that  it  is  proportionate  to  depth,  and 
is  not  afiect«d  by  direction.  It  is  this  universality  of  the  pressure 
of  water,  with  its  indifference  to  direction,  which  makes  the  calcula- 
tion of  buoyancy  so  simple  and  easy.  This  principle  of  buoyancy 
and  its  measurement  make  it  clear  how  bodies  like  iron,  steel  and 
brass,  so  much  heavier  than  water,  can  be  made  to  swim,  even 
although,  according  to  the  law  of  displacement,  they  weigh  much 
more  than  t!ie  same  quantity  of  water. 

The  art  of  making  heavy  bodies  swim  consists,  then,  in  this ;  to 
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spread  them  out  in  a  thin  layer  over  so  large  a  quantiT^y  of  water 
and  at  such  a  depth  that  the  pressure  of  the  water  upward  shall  be 
greater  than  the  pressure  of  weight  downward. 

A  cubic  foot  of  iron  weighs  448  Ibs.j  and  would  sink  in  water 
instantly.  But  take  that  mass  and  roll  it  out  into  a  thin  plate  8  feet 
long  and  8  feet  wide,  and  turn  up  its  edges  all  around  a  foot  deep ; 
then  the  upward  pressure  of  the  wat«r  on  the  36  feet  of  bottom,  at 
the  depth  of  one  foot,  will  give  62.5  lbs.  on  each  foot,  or  one  ton  of 
2240  lbs.  on  the  whole  piece.  The  buoyancy,  therefore,  of  the  water 
on  this  extent  of  iron  is  enough  not  only  to  float  the  original  448  lbs, 
forming  the  cubic  foot,  but  also  to  carry  a  load  of  1792  lbs.  besides. 

This  example  shows,  in  a  striking  manner,  how  a  ship  may  not 
only  be  built  of  iron,  which  sinks  by  itself  in  water,  but  may  be  so 
built  as  not  merely  to  carry  its  own  weight  of  iron,  but  a  burthen  in 
addition  four  times  greater  than  its  own  weight. 

Such  is  the  buoyancy  of  water  :  and  therefore  to  carry  any  known 
weight,  it  is  only  necessary  that  the  surface  of  the  bottom  of  the  ship 
be  large  enough  and  placed  at  a  sufficient  depth  below  the  wat«r  to 
produce  an  aggregate  upward  pressure  equal  to  the  aggregate  weights 
carried. 

TABLE  IV. 
Pramre  on  the  boUom  of  a  Ship  in  Sea  water. 


Deplbunder 

""""'C'^'"^ 

™15^ 

DopUi  under 

rntcr. 

rosBureon^aBqaaie 

"'Sr" 

f«t 

Ilia. 

lbs 

feet 

IhH 

Iha 

l' 

64 

.44 

13 

832 

5.78 

2 

128 

.89 

14 

6.22 

3 

192 

1.33 

15 

960 

6.67 

4 

256 

1.78 

16 

1024 

7.11 

5 

320 

2.22 

17 

7.56 

6 

S84 

3.67 

18 

1152 

7 

448  =  .2  ton 

3.11 

ig 

1216 

8.44 

8 

512 

3,56 

20 

8,89 

9 

S76 

4. 

21 

1344=^    .6  ton 

9.33 

10 

840 

4.44 

28 

1792-    .8  ton 

12.44 

11 

704 

4.89 

35 

2240  =  1.    ton 

15.56 

12 

768 

5.33 
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CHAPTER  VIII. 

STABILirr— POWER   OF    WATER    TO    MAKE   A    SHIP   STAND   UPRIGHT. 

That  the  most  unstable  of  elements,  water,  should  be  required  to 
confer  stability  or  give  uprightness  to  heavy  bodies  raised  to  a  great 
beight  above  its  surface,  would  appear  to  be  an  unreasonable  expec- 
tation, were  it  not  accomplished  every  day. 

If  it  is  merely  imagined  that  the  bottom  of  a  ship  is  made  the 
heaviest  part  and  the  top  the  lightest,  it  would  seem  naturally  to 
follow,  as  a  first  impression,  that  the  bottom,  being  the  heaviest, 
would  stay  at  the  bottom,  and  the  top,  be'iug  the  lightest,  would  stay 
at  the  top.  This  disposition  of  weight  is  not  what  always  or  often, 
in  fact,  takes  place.  A  Mississippi  or  North  river  steamboat  is  30 
feet  high  out  of  the  water,  and  but  3  to  6  feet,  or  so,  deep  in  it.  The 
heavy  weights  of  its  machinery  are  generally  high  out  of  the  water; 
its  boilers  are  entirety  above  the  water,  reaching  in  some  cases  above 
the  hurricane  deck.  Its  cargo  is  also  carried  above  the  water,  and 
its  bottom,  if  not  quite  empty,  is  merely  oc<  upied  by  sleeping  apart- 
ments. Such  vessels,  if  supported  on  pilots  fixed  at  the  water- 
line,  would  certainly  tumble  over,  bottom  up,  since  they  are  cer- 
tainly top-heavy,  and  pivoted  on  /and  would  upset.  By  some 
power,  nevertheless,  in  the  watpr  they  are  kept  upright,  and  caade 
to  form  huge  floating  castles;  their  chief  weights  high  in  the  air. 

It  is,  therefore,  necessary  to  examine,  understand  and  measure  by 
what  power  water  gives  atability  and  uprightness  to  a  large,  top- 
heavy,  out-of-ftater  structure. 

It  might  be  imagined,  at  first  sight,  that  the  upward  pressure  of 
the  water  on  the  bottom  should  help  to  give  uprightness  to  the 
structuie  it  upholds   from   below.      But   thia   idea  will   not  stand 
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examination ;  sinc«  to  push  the  bottom  of  a  vessel  upward  may  only 
be  another  method  of  trying  to  upset  it  What  is  wanted  is  to  keep 
the  top  up  and  the  bottom  down. 

How,  out  of  these  contradictory  elements,  to  elicit  stability  is 
neither  an  obvious  nor  an  easy  investigation,  for  it  is  certain  that  the 
upward  pressure  of  the  water  on  the  bottom  of  a  ship,  instead  of  being 
a  cause  of  stability,  is  a  powerful  agent  of  instability,  and  that  the 
greater  it  is  in  quintity  and  the  more  effectual  in  power  the  more 
it  tends  to  upset  the  floitmg  body. 

Nevertheless,  a  perfect  understanding  of  the  way  in  which  the 
power  of  water  contributes  to  'stability  in  a  top-heavy,  outrof-water 
structure  will  give  one  a  profound  appreciation  of  this  remarkable 
quality  of  water.  The  way  in  which  this  unstable  element  gives 
stability  to  a  top-heavy  structure,  as  it  heels  over,  is  by  continually 
transferring  its  action  to  the  side  to  which  the  vessel  is  about  to  fiill, 
where,  by  continually  giving  a  stronger  push  upward  on  the  felling 
side,  it  counterbalances  the  falling  weight,  and  thus  keeps  the  vessel 
.  upright. 

A  top-heavy  ship  is  technically  called  "erank" — "a  drunken 
ship" — and  it  really  seems  ^o ;  but  by  art,  the  force  of  water  is  made 
to  pass  from  side  to  side,  faster  and  farther  than  the  ship  heels,  and 
therefore,  though  she  may  heel  over,  she  cannot  capsize,  for  the  water 
puts  its  strong  pressure  under  the  falling  "shoulder"  of  the  ship,  and 
gives  it  a  powerful  lift.  The  way  in  which  this  "shoulder"  is  formed, 
the  leverage  with  which  the  water  acts,  and  the  powerful  lift  which 
it  gives  at  the  right  time  and  in  the  right  way,  is  something  which  it 
requires  much  thought  to  conceive,  skill  to  direct  and  craft  to  apply 
with  success.  This  portion  of  the  ship  is  therefore  called  the  "shoul- 
der," to  distinguish  it  from  the  bottom  or  "bilge"  of  the  ship. 

It  is  the  tendency  of  the  bottom  or  bilge  of  the  ship  to  be  pushed 
upward  by  the  water,  and  the  pressure  is  so  great  upward  as  to'tend 
not  only  to  keep  it  up,  but  to  push  it  t«o  much  up,  and  thus  upset 
the  vessel.  One  way  of  counteracting  this  would  be  to  put  heavy 
weights  of  lead  or  iron  on  the  bottom  of  the  ship,  so  as  to  keep  it 
always,  in  all  circumstances,  bottom  down.  But  to  put  on  the 
bottom  of  a  ship  useless  weight  is  not  merely  a  confession  of  great 
want  of  skill,  but  is  a  serious  saorifice  of  the  usefulness  of  the  ship. 

It  was  the  practice  of  a  former  day  to  make  up  for  want  of  sta- 
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bility  by  great  quantities  of  ballast ;  but  tlie  naval  arcliitect  of  the 
present  day  knows  how  to  give  sufficient  "shoulder"  to  the  ship  so  aa 
'to  make  use  of  the  fluidity  of  the  water  as  a  substitute  for  the  "dead 
weight"  of  ballast;  and  its  just  appUcatii>n  is  a  teat  of  his  skill 

By  the  "shoulder,"  therefo  e  is  meant  that  part  of  the  side 
which  is  just  about  the  wate  1  ne  which  a  somet  mes  a  1  ttle  o  it  of 
and  sometimes  a  little  under  the  viter  as  the  sh  p  reels  about  It 
is  frequently  called,  foi  that  rei  on  tl  e  j  a  t  of  the  sh  p  between, 
■wind  and  water;"  but  t  11  be  q  te  ac  urately  defined  if  t  s  said 
that  the  "shoulder"  of  a  sh  j  s  that  part  v,h  h  be  ng  under  the 
water  when  the  ship  heels  o\er  one  way  s  tl  en  lett  bar  o  t  of  the 
water,  when  she  heels  as  far  ove    the  other  way 

Take,  for  example,  a  «h  i  tl  at  his  beei  itand  ng  upr  ght  and  has 
first  leaned  over  on  one  a  le  until  2  t  et  of  her  k  are  p  t  nto  the 
water,  and  then  leans  over  just  as  much  on  the  other  side  till  2  feet 
more  of  her  skin  are  out  of  water,— those  4  feet  of  skin  on  each  side 
which  lie  between  these  extreme  positions  are  "  the  shoulders,"  on 
which  she  depends  for  power  to  sustain  fop  weight. 

If  from  the  body  of  the  ship  the  two  "shoulders"  are  taken,  the 
remainder  of  the  bottom,  which  never  leaves  the  water,  may  be 
defined  as  the  "under-tvafer  body"  of  the  ship,  and  this  under-water 
body  is  the  part  tending  to  upset  her.  The  life  of  the  ship  is,  there- 
fore, a  balanced  effort,  the  under-water  body  continually  tending  to 
upset  her,  and  the  two  "shoulders,"  turn  and  turn  about,  trying  to 
keep  her  upright.  The  one  is  the  "upsetting"  part,  the  other  the 
"righting"  part  of  the  ship.  The  effect  of  each  of  these  contrary 
elements  haa  to  be  measured— /rs(,  by  the  quantity  of  each  element; 
second,  by  the  more  or  less  effectual  manner  in  which  it  is  applied. 
To  make  the  upsetting  body  the  largest  in  quantity  for  the  purpose 
of  carrying  useful  loads,  yet  so  to  contrive  it  as  to  give  it  the  least 
power  for  harm — to  make  the  "shoulders"  the  smallest,  yet  so  con- 
trived as  to  have  the  most  power  for  good, — ^that  is  the  consumma- 
tion of  the  art  of  the  architect. 

In  every  ship  it  will  be  a  question  depending  on  her  peculiar  struc- 
ture how  much  of  tliis  righting  power  has  been  given  to  her;  in 
other  words,  how  much  top  weight  she  can  cairy,  and  how  high  out 
of  the  water  she  can  carry  it,  without  upsetting.     The  simplest  way 
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of  putting  it  is,  perhaps,  to  ask  at  what  height  the  whole  weight  of 
the  ship  herself  and  all  she  carries  might  be  kept  without  overpower- 
ing the  stability,-  overworking  the  "shoulders,"  and  thus  upsetting 
the  ship. 

This  height  is,  therefore,  a  chief  point  to  be  calculated  and  known, 
and  may  be  called  the  "  upsetting  point"  It  is,  however,  called  the 
"meta-centre;"  and  if  this  be  taken  to  mean  the  point  beyond  which 
you  cannot  go  in  raising  the  weights,  it  is  a  proper  word  enough. 
The  limiting  height  of  top  weight  is,  therefore,  the  proper  meaning 
of  what  is  called  the  meta-centre,  and  the  measure  of  this  is  mani- 
festly one  of  the  most  important  things  to  be  known  about  a  ship, 
for  on  it  most  of  her  good  qualities  depend.* 

•  Tha  point  M  in  figs.  2  and  3  ia  the  meta-oentte  for  the  given  "  angle  of  inclina- 
tion." It  is  evident  that  unless  this  point  be  abova  the  eeiilre  o/  ijiaiitij  uf  the  ghip, 
the  vessel  nill  upset. 
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To  understand  the  functions  of  the  "shoulder"  of  the  ship  and 
those  of  the  bottom,  and  the  tendency  of  both  to  affect  the  stability, 
it  will  not  be  necessary  to  consider  any  but  the  simplest  form  which 
can  float.  For  that  purpose,  suppose  a  square  bos  of  say  3G  feet 
wide,  27  feet  high,  and  of  indefinite  length,  to  be  sunk  by  a  weight 
18  feet  deep  in  the  water— each  foot  of  length  of  a  box  of  these 
dimensions  will  carry  a  ton  weight  for  every  foot  of  its  depth  in 
fresh  water;  therefore,  18  feet  of  depth  carries  a  weight  of  18  tons. 
And  supposing  the  box  itself  to  weigh  6  tons  per  fi>ot,  the  vessel 
would  carry,  beside  its  own  weight,  a  weight  of  12  tons.  Draw 
such  a  box,  and  across  it  the  line  of  the  surface  of  the  water,  which 
call  the  "water-line."  Let  the  weight  be  represented  in  square 
form  on  top  of  it.     (Fig.  1.) 

This  box  truly  represents  a  ship,  the  weight  truly  representing  a 
heavy  deck-load  proposed  to  be  carried  by  the  ship.  It  may  repre- 
sent the  weight  of  a  man-of-war's  battery,  or  the  weight  of  an  iron- 
cased  battery,  an  iron-clad's  turret,  or  any  other  top  load. 

The  question  is — the  ability  or  inability  of  that  ship  to  carry  that 
weight  at  that  height  out  of  the  water.  For  this  purpose,  suppose  it 
to  lean  over  on  either  side,  and  then  examine  whether  it  tends  to 
return  to  the  upright  position  and  stand  up,  or  to  overset  and  drop 
the  weight  into  the  sea.  Draw  the  ship,  therefore,  in  these  two 
positions.  (Figs.  2,  3.)  "When  this  is  done,  it  will  be  seen  that 
there  is  a  part  of  the  ship  which  is  never  out  of  water,  but  keeps 
always  under  the  water-line.  This  is  the  under-water  body,  or  the 
upsetting  part  of  the  ship. 

This  under-water  body  is  bounded  by,  first  of  all,  the  bottom  of 
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■fhe  ship;  secondly,  by  the  bilges,  or  comers  of  the  bottom;  and 
thirdly,  by  a  water-line  of  the  ship  in  each  of  its  two  opposite 
positions.  It  is,  therefore,  pointed  at  the  top  where  it  forms  an 
equal-sided  triangle,  the  apex  of  which  is  in  the  water-line.  Two 
flat  surfaces,  therefore,  form  the  top  of  this  under-water  body,  while 
the  rest  of  it  forma  the  bilges  and  bottom,  or  under-water  skin  of 
the  ship.  The  part  shaded  (fig.  4)  is  that  part  which  tends  to 
upset  the  ship,  and  the  nature  of  this  upsetting  force,  produced  by 
the  under-water  body,  must  be  examined. 

To  this  end  observe  that  it  is  a  symmetrical  body,  the  right  and 
left  sides  being  of  the  same  size,  of  the  same  shape,  and  in  the 
original  upright  position  of  the  body  exactly  balancing  on  both  sides. 
Its  whole  effect,  then,  may  be  assumed  as  concentrated  in  a  point  in, 
its  middle  line.  This  point  call  B,  or  the  centre  of  efibrt  of  the 
under-water  body.* 

The  buoyancy  or  upward  pressure  of  this  under-water  body  will 
take  place  directly  upward  in  the  line  B6,  and  it  will  be  seen  that 
this  is  quite  on  one  side  of  the  centre  of  the  vessel.  It  is  next  to  be 
noticed,  in  figs.  2  and  3,  that  the  centre  of  the  weight  W  is  on  the 
opposite  side  of  the  upright  line.  When  the  ship  careens  over  to  the 
right,  the  weight  aho  Inclines  to  the  right  and  downward.  When 
the  ship  careens  over  to  the  left,  the  weight  also  inclines  to  the  left 
and  downward.  The  direction  of  its  efiect  is  marked  by  the  down- 
ward line  Ww. 

Therefore,  when  the  ship  is  lowered  on  the  right  side,  the  efiect  of 
the  weight  from  above  is  to  press  it  downward  on  that  side,  while 
at  the  same  moment  the  efiect  of  the  under-water  body  is  equally 
bad  in  raising  the  opposite  side  out  of  the  water.  The  ship  is  beset 
by  two  opposite  forces,  which,  nevertheless,  conspire  in  their  bad 
efiect.  One  sinks  the  right  in  the  water,  while  the  other  lifts  the 
left  out  of  the  water,  so  that  with  opposite  means  both  tend  to  overset 
the  ship.  It  is  thus  seen  why  the  under-water  body  is  the  iipsetting 
part  of  the  ship.  The  larger  it  is,  and  the  greater  its  power  to  carry 
weight,  the  more  it  will  tend  to  overturn  the  weight  it  carries. 

Some  counteracting  power  must,  therefore,  be  looked  to,  not 
merely  to  neutralize  the  overturning  effect  of  the  top  weight  and 
the  upsetting  force  of  the  under-water  body,  but  to  do  more  than 

•  Of  course  tliLs  pomt  represents  the  resultaat  of  an  infinite  number  of  pressures. 
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neutralize  them — to  give  a  balance  of  righting  force  which  shall 
constitute  the  stability  of  the  vessel ;  in  other  Tfords,  the  power  to 
right  herself  after  she  Las  been  forced  over. 

This  righting  force  is  found  in  the  "  shoulders,"  which  lie  between 
wind  and  water,  and  are  continually  going  in  and  out  of  the  wat«r 
on  one  side  or  on  the  other.  When  she  leans  over  to  the  right,  the 
whole  of  the  right  "  shoulder"  is  immersed ;  and  the  same  may  be 
said  of  the  left  "  shoulder,"  each  consisting  of  a  wedge-formed  body, 
with  its  point  at  the  middle,  and  the  base  or  heel  of  the  wedge  on 
the  outside  of  the  ship,  the  whole  of  the  base  or  heel  rising  out  of 
the  water,  and  falling  into  it  again  as  the  ship  careens.  One-half 
the  angle  of  this  wedge  is  called  "the  angle  of  heeP'  or  "the  angle  of 
inclination,"  and  is  taken  as  the  measure  of  the  roll  or  careen  of  the 
ship.  A  ship,  for  example,  is  said  to  roll  or  careen  15°  when  the 
angle  of  this  wedge  is  an  angle  of  30°.  It  is  convenient  generally 
to  speak  of  some  fixed  angle  for  this  purpose,  and  28°  may  therefore 
be  assumed.  For  ships  of  war  it  has  been  common  to  use  15°,  as  it 
is  desirable  for  the  sake  of  the  gun«  that  the  ship  should  not  roll  or 
careen  more  than  this  ;*  but  for  merchant  ships,  under  a  press  of 
sail,  there  is  no  harm  in  their  careening  14°  in  and  14°  out  of, water, 
a  total  of  28".  These  wedges  or  "  shoulders"  are  sometimes  called 
"  the  wings,"  sometimes  "  the  solids  of  immersion  and  emersion." 

To  examine  the  effect  of  each  "shoulder,"  when  it  has  been  forced 
under  water,  to  rise  again  ^nd  raise  the  top  weight  with  it,  one 
must  consider  the  amount  of  its  efiort  the  place  where  it  may  be 
reckoned  «js  concentrated  and  the  direction  of  its  effort.  The  quan- 
titj  of  ita  efloit  is  meisured  bj  its  buoyant  power,  or  the  number 
of  cuhu,  feet  of  water  it  displaces  Its  bulk  in  water,  therefore, 
gives  a  measure  of  its  buoyant  or  upward  force.  The  place  in  which 
this  buoyant  effort  takes  effect  is  about  two-thirds  0)  outward  from 
the  point  0  of  the  wedge  (fig.  4).  The  effect  it  produces  may  be 
assumed  then  as  concentrated  in  R,  and  the  buoyant  effect,  being 
directly  upward,  fends  to  upright  the  vessel  on  the  side  which  has 
been  depressed  under  water. 

But  it  should  be  observed  that  that  side  of  the  ship  on  which  the 
"shoulder"  lies  under  water  is  also  that  side  on  which  the  top 

•  With  the  eioeption  of  our  monitors,  few  of  our  screw  men-of-war  can  claim  ever 
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weight  tends  to  descend  and  OYerset;  and  it  ia  therefore  obvious 
that  the  tendency  of  the  "shoulder"  is  to  help  the  descending  weight 
to  rise  again,  and  therefore  to  right  the  ship. 

But  the  vital  question  is.  Whether  the  "shoulder"  has  power 
enough  to  do  so  ?  In  order  to  be  effectual,  it  wUl  not  be  sufficient 
that  it  should  be  capable  of  supporting  the  top  weight  merely.  It 
has  also  to  counteract  the  upsetting  tendency  on  the  opposite  side 
produced  by  the  Knder-water  body. 

It  must,  not  escape  notice  that  the  under-water  body  is  always  on 
the  contrary  side  from  the  "  shoulder,"  always  tending  to  upset  the 
ship  on  tliat  side  from  below,  so  that  unless  the  "shoulder"  be  more 
powerful  and  act  more  energetically  than  the  under-water  body,  the 
ship  will  infallibly  upset.  The  "  shoulder,"  therefore,  has  these  two 
tasks  at  once :  It  most  be  strong  enough  to  neutralize  the  upsetting 
force  of  the  under  body  at  the  same  time  that  it  sustains  and  counter- 
acts the  oversetting  force  of  the  top  weight,  and  the  surplus  power 
beyond  these  two  will  right  the  ship. 

It  is  this  surplus  power,  beyond  the  two  effects  counteracted,  which 
gives  stability,  its  measure  being  called  "  the  measure  of  the  stability 
of  the  ship,"  and  the  art  of  the  constructor  is  to  make  it  always  just 
as  much  as  is  wanted  for  this  purpose,  and  no  imre,  for  more  is  of 
itself  an  e^l,  and  defeats  other  good  points.* 

To  measure  the  upsetting  force  of  the  under-water  body,  its  volume 
is  measured,  after  which  its  power  is  found  by  taking  the  weight  of 
an  equal  quantity  of  water.  Then  assume  that  power  as  applied  at 
its  centre  of  action,  commonly  called  "centre  of  gravity"(B).  Draw 
a  line  directly  upward  through  this  point,  and  call  that  "  the  hue 
of  action  of  the  upsetting  force."  Mark  the  place  (6)  where  this 
line  cuts  the  water.  It  is  on  the  water-line  that  the  comparison 
between  the  forces  causing  stability  can  be  most  directly  seen,  hence 
it  may  be  called  "the  line  of  comparison." 

To  measure  the  righting  force  of  the  "shoulder,"  in  like  manner 
measure  its  volume,  then  find  its  power  by  taking  the  weight  of  an 
equal  quantity  of  water.  Eeckon  this  power  as  applied  at  its  centre 
of  action  or  centre  of  gravity  (E),  and  draw  a  line  directly  upward 
through  this  point,   calling  it  the  "  line  of  action  of  the  righting 

»  Too  muoh  stability  is  almost  aa  great  an  evil  as  too  little.    (See  Art.  Ilth,  p.  IS.) 
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force."  Mark  the  place  (r)  where  this  line  cuts  tlie  water,  and  here 
its  action  may  be  compared  with  that  of  the  other  two  forces. 

The  third  force  haa  been  already  measured ;  it  is  the  top  weight 
placed  on  the  vessel,  and  it  is  12  tons  for  each  foot  of  length.  To 
compare  this  with  the  others,  let  fall  through  its  centre  of  gravity  (W) 
its  line  of  action,  which  cuts  the  water  at  some  place  intermediate 
between  the  other  two.  Mark  this  place  (w).  The  water-line  now 
shows  the  three  points  of  comparison  desired. 

Of  the  three— first,  compare  the  upsetting  and  righting  force  of 
the  body  and  "shoulders,"  which  are  on  opposite  sides  of  the  middle 
of  the  ship  and  counteract  each  other.  In  the  case  under  considera- 
tion, one,  the  upsetting  force,  is  much  larger  in  quantity  than  the 
other,  the  righting  force — larger  in  the  proportion  of  3  to  1 ;  hut  the 
smaller  force  acts  more  advantageously  than  the  greater,  bo  much  so 
as  to  overpower  it,  because  its  centre  of  action  (r)  is  four  times 
ferther  from  the  centre  of  the  ship  on  one  side  than  the  point  of 
action  (b)  of  the  other.  The  combined  result,  therefore,  is  in  favor 
of  the  righting  force,  and  the  ship  has  stability  and  will  right  itself 
If  the  other  force  had  preponderated,  it  would  have  had  instability 
and  have  overset,  even  without  a  deck  load.  The  question  now  re- 
mains: How  much  stability  has  it?  In  other  words,  how  much  top 
weight  will  the  ship  carry,  and  how  high  ?  • 

To  find  this,  multiply  the  volume  of  the  under  body  by  the  dis- 
tance {Ob)  of  its  line  of  action  from  the  centre,  subtract  it  from  the 
righting  force  multiplied  by  the  distance  of  its  line  of  action  (Or)  from 
the  centre ;  the  balance,  in  figures,  shows  the  balancing  quantity  of 
force  the  "  shoulder"  is  able  to  carry.  This  may  amount  to  a  weight 
of  12  tons,  multiplied  by  the  distance  of  the  line  of  action  (Ow)  of 
the  top  weight  from  the  centre  of  tlie  line  of  comparison.  If  this  be 
so,  the  vessel  has  stability  enough  not  to  be  overset ;  if,  on  the  con- 
trary, the  surplus  is  less  than  this,  the  vessel  will  he  overset.  This 
surplus  sustaining  power,  however,  is  the  measure  of  stability.  But 
in  this  calculation  all  consideration  of  the  effect  of  the  weight  of  the 
ship  itself,  either  in  oversetting  or  in  righting,  has  been  omitted.  It 
may  happen,  and  does  happen  m  practice,  that  the  weight  of  the 
ship  alone,  without  a  deck  load,  is  enough  to  upset  her.*    In  such 

*  It  baa  oucHrred  in  praotico  that  veaaels  upon  being  launclied  have,  immediatalj 
turned  bottom  up. 
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case  the  weight  of  the  deck  load  must  be  treated  as  the  whole  weight 
of  the  ship,  the  point  of  action  of  this  weight  being  taken  in  the 
centre  of  action  of  the  sum  of  all  the  weights  of  all  the  parts  of  the 
ship  and  her  equipment.  In  this  ^iew  of  the  case,  after  substituting 
in  the  calculation  the  total  weight  of  the  ship,  as  well  as  the  weights 
on  it,  instead  of  the  deck  load,  we  must  examine  the  height  at  which 
the  whole  of  these  could  be  carried  without  upsetting. 

This  height  is  taken  as  a  conycnient  way  of  estimating  the  surplus 
righting  .power  of  the  "shoulders"  of  the  ship;  because  in  compar- 
ing different  ships  one  may,  without  reference  to  their  weights  or  dis- 
placements, compare  their  righting  powers  or  stability  by  the  height 
above  the  water  at  wkich  they  have  power  to  cany  their  own  weights. 
For  example,  a  ship  which  has  power  to  carry  her  own  weight  6  feet 
above  the  water,  and  another  which  has  power  to  carry  hers  3  feet 
out  of  the  water,  may  be  said  to  have  relative  stabilities  of  2  to  1 ; 
but  if  the  magnitude  of  the  ships  also  be  considered,  and  one  is 
double  the  bulk  of  the  other,  and  has  power  to  carry  its  weight  twice 
as  high,  the  absolute  stability  of  the  one  may  be  four  times  that  of 
the  other,  although  thou-  relatiye  stabilities,  reckoned  by  height  alone, 
are  as  2  to  1.  The  upsetting  power  of  the  bottom  of  a  skip  and  the 
righting  power  of  the  "  shoulders"  are,  therefore,  the  two  rival  forces 
which  continually  oppose  one  another. 

These  two  forces  depend  entirely  for  their  quantity,  their  propor- 
tion and  the  manner  of  their  action  upon  the  forethought,  knowledge 
and  skill  of  the  designer  of  the  ship. 

The  proper  balance  of  these  forces  in  the  design  makes  the  ship  a 
good  or  bad  carrier  of  top  weight,  and  the  height  at  which  it  can 
carry  all  its  weights  is  a  point  of  the  greatest  value  in  every  ship, 
and  in  men-of-war  especially.  If  a  considerable  mistake  be  origin- 
ally made,  it  is  scarcely  possible  to  correct  it  by  anything  short  of 
i-ehuilding  the  ship. 
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In  framing  the  design  of  a  ship  few  things  are  of  greater  import- 
ance to  be  clearly  seen,  and  unceasingly  kept  in  mind,  than  the 
effect  of  the  bottom  to  diminish,  and  tlie  "shoulder"  to  increase, 
power  to  carry  top  weight.  In  order  to  give  a  ship  this  good  and 
indispensable  power,  it  is  important  that  the  naval  architect  should 
not  for  a  moment  luse  sight  of  the  contrary  nature  and  tendency  of 
these  two  forces,  since  it  is  from  the  omission  of,  or  inadequate  con- 
sideration given  to,  these  two  effects  that  crank,  unstable  and  unaea- 
worthy  ships  have  so  often  been  built. 

Grankness  -was  a  general  fault  of  ships  built  in  the  early  part  of 
this  century,  and  means  two  things :  inability  to  stand  upright,  and 
facility  of  being  upset  by  top  weight.  The  cause  of  crankness  is 
often  supposed  to  be  shallow  draft  of  water,  which  would  be  cured 
by  deeper  immersion.  Thii  is  a  radical  error;  there  is  no  more  com- 
mon source  of  crank  ships  than  this  general  impression.  The  con- 
trary is  the  truth. 

Take  a  square  ship,  like  a  box,  filled  with  a  light  material,  so  as  to 
sink  no  deeper  than  one-fourth  part  of  its  breadth,  it  will  stand  up- 
right well ;  fill  the  same  with  heavier  materials,  so  &^  to  sink  it  to 
double  that  depth  in  the  water,  it  will  immediately  turn  bottom  up. 
This  is  a  very  common  proportion  of  draft  to  breadth,  especially  in 
old  ships,  and  is  quite  sufficient  to  make  a  bad  ship.  As  a  general 
rule,  then,  ships  with  a  deep  and  large  bottom  and  narrow  "shoulders," 
or  with  a  straight,  upright  side  and  flat  bottom  and  sharp  bilges, 
will  be  crank. 

In  most  cases  ships  that  are  crank  may  be  cured  by  altering  them 
so  as  to  increase  the  breadth  of  their  "shoulder"  without  altering' 
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their  bottom.*  They  may  also  be  cured  by  lengthening  them,  so  as 
to  make  them,  with  a  given  load,  draw  less  water.  Both  plans  have 
been  tried  with  success. 

Table  V.  at  the  end  of  this  chapter  is  given  to  show  the  limits  of 
the  power  of  a  square-built,  wall-sided  ship  to  stand  upright  under 
heavy  and  high  loads.  To  each  breadth  there  is  a  given  height,  up 
to  which  she  can  carry  top  weight,  and  the  table  shows  with  what 
proportion  of  depth  in  the  water  to  breadth  she  can  or  cannot  carry 
her  weights  above  water ;  thus  the  table  shows  that  such  a  vessel,  36 
feet  broad  and  18  feet  deep  in  the' water,  cannot  carry  her  weights  if 
their  common  centre  lie  above  the  water,  and  that  she  would  require 
to  be  48  feet  broad  to  carry  them  just  20  inches  above  the  water. 

In  this  tahle  the  figure  0  shows  that  if  the  whole  weight  carried 
were  no  higher  than  the  surface  of  the  water,  the  ship  would,  never- 
theless, be  incapable  of  standing  upright,  and  would  dther  list  over 
or  upset.  The  figures  show  how  high  the  centre  of  gravity  of  all  the 
weights  carried,  including  both  the  material  of  the  vessel  itself  and 
the  burden  with  which  she  is  laden,  might  be  raised  above  the  water- 
line  without  instability  or  danger  of  upset. 

The  value  of  this  table  is  manifold ;  it  shows  how  the  extremely 
shallow,  flat  vessels  of  the  Mississippi  and  other  rivers  are  able  to 
stand  up  under  their  very  heavy  top  loads  and  carry  enormous  float- 
ing hotels  three  and  four  stories  high  above  the  surfece  of  the  water. 
It  is  their  small  proportion  of  depth  in  the  water,  combined  with 
,thdr  great  breadth,  which  docs  itf  It  is  this  proportion  which 
enables  them  to  carry  not  only  their  light  cabins,  but  also  their 
heavy  engines,  boilers,  fuel  and  deck  loads  above  the  water. 

It  shoivs  the  proportions  for  floating-docks,  which  have  to  take 
ships  of  great  weight,  raise  them  high  and  dry  above  the  water,  and 
carry  them  steadily  there.  It  also  shows  how  high  the  centre  of 
gravity  of  a  ship  may  be  which  a  floating-dock  of  given  proportions 
can  carry,  taking  into  account,  also,  the  weight  of  the  floating-dock 
itself  It  shows  how  the  shallow  floating  platforms  of  such  con- 
's This  ia  somefimea  done  by  roeans  of  "EponaonE."  For  the  aame  reason  a  side- 
wLeel  EtefHoer  ia  mors  stable  than  n  screw  ship.  This  waa  effectnally  proved  in  the 
caECB  of  the  "  Saranac"  and  "  San  Jacinto,"  both  of  the  aama  model,  the  guards  of 
the  former  inoreasing  her  stabilitj. 

t  Refer  to  table  of  American  river  steamers,  and  thU  will  be  seen  at  a  glance. 
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triTancea  as  Clark's  hydraulic  docks  are  able  to  sustain  ships  under 
repair  by  using  the  right  proportion  of  depth  to  breadth  for  a  ship 
which  has  her  centre  of  gravity  at  a  certain  height  above  the  water. 

This  table  enables  one  to  see,  also,  how  the  square-built,  wall- 
sided,  deep-bottomed  ships,  so  often  built  by  uninformed  or  careless 
shipwrights,  turn  out  unstable  and  unseaworthy. 

In  using  this  table  to  judge  of  a  ship  or  design,  it  must  not  be  for- 
gotten that  the  case  assumed  is  that  of  a  box-formed  or  wall-sided  ves- 
sel, nearly  rectangular  in  shape;  but  it  is  nearly  true,  also,  of  a  vessel 
slightly  rounded  off  at  the  comers,  «nd  will  be  pretty  exact  for  many 
large,  capacious  ships.  It  must  be  carefully  borne  in  mind  that  the 
table  shows  the  extreme  or  upsetting  heights  to  which  the  centre  of 
weight  must  not  be  raised.  The  weights  of  a  well-trimmed  ship, 
intended  to  carry  sail  well,  should  be  kept  so  that  the  centre  0/  gravity 
may  be  several  feet  under  the  limiting  height. 

It  should  be  further  noticed  that  the  length  of  the  vessel  is  not 
given  in  the  table.  The  breadth  and  depth  being  given,  the  length 
has  no  effect  on  the  height  at  which  the  whole  load  can  be  carried. 
But  length  has  everything  to  do  with  the  quantity  of  weight  which 
that  ship  will  carry  at  the  height  in  the  table.  Thus,  a  ship  of  36 
feet  beam  carries  one  ton  for  every  foot  deep ;  and  for  every  foot  in 
length,  as  many  tons  as  there  are  feet  of  her  depth  in  the  water ; 
therefore  it  is  to  be  remembered  that  the  weights  carried  at  these 
heights  arc  limited  by  the  total  displacement  tonnage  of  the  floating 
body.  With  these  explanations  this  table  is  a  safe  guide  for  the 
judgment  in  regard  to  rectangular,  box-shaped  or  wali-sidcd,  square- 
bilged  vessels. 
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1.  The  first  method  is  to  determine  how  much  top  weight  ivill 
careen  the  ship  to  a  given  hirge  angle — say  14°  out  of  the  perpen- 
dicular, or  in  war  vessels  7° — in  order  to  compare  the  stability  of 
different  ships  with  one  another  at  this  angle. 

2.  The  second  method  is  to  find  the  extremely  small  degree  of 
careening  which  will  be  produced  by  an  extremely  small  top  weight. 

By  this  investigation  is  discovered  a  curious  quality  belonging  to 
crank  ships — namely,  that  although  a  very  small  top  weight  may 
make  them  lean  over  a  little,  they  may,  nevertheless,  offer  great 
resistance  to  a  great  weight  tending  to  incline  them  much.  It  is 
common  to  speak  of  sucb  ships  as  being  "  tender"  rather  than  crank. 

The  foiiowing  are  the  successive  steps  (figs,  2  and  3) : 

1st  Measure  the  bulk,  of  the  under-water  body,  the  ship  being  in- 
clined on  alternate  sides  to  the  given  angle. 

2d.  Measure  the  buoyant  force  of.  that  bulk,  taking  36  cubic  feet 
of  bulk  for  each  ton  of  buovincy 

3d.  Find  the  plice  of  the  centie  of  effort  (,B)  at  which  this  force 
acts,  which  is  the  pomt  commonly  called  the  centre  of  gravity  of  the 
under-water  hodj  *  Ntxt  thiou^h  the  pomt  thus  found  draw  an  up- 
right line  (B6;  cuttm^,  the  witer  line  it  some  distance  from  its  mid- 
dle. Then  measure  this  distance  tOfi")  from  the  middle  line  of  the 
ship. 

.4th.  The  line  (Ot)  just  measured  is  called  '  the  effectual  distatiee 
of  the  upsetting  foice  and  being  multiplied  by  the  number  of  tons 
already  found  as  the  measure  of  that  force  the  product  is  called 
"  the  momentum  of  the  vp^ett  ng  body  This  momentum  is  taken 
as  the  measure  of  the  upsetting  force. 

*  Or  centre  of  buojanc)'. 
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5th.  Measure  the  bulk  of  the  righting  body,  or  "shoulder"  under 
water,  when  the  ship  is  inclined  at  the  given  angle. 

6th.  Measure  the  buoyant  force  of  the  bulk  of  the  "  shoulder," 
taking  36  cubic  feet  for  each  ton  of  buoyancy. 

7th.  Find  the  place  of  tlie  centre  of  effort  in  the  "sboulder"  (R) 
at  wBich  this  force  acts,  which  is  tlie  point  commonly  called  Hie  centre 
of  gravity,  and  is  nearly  two-thirds  the  breadth  of  the  "shoulder" 
from  the  centre  of  the  ship,  or  one-third  from  thE  outside. 

Next,  through  the  point  (E)  thus  found  draw  an  upright  line  (Rr), 
cutting  the  water-line  at  a  point  (r)  ;  of  which  measure  the  distance 
from  the  middle  line  of  the  ship  {Or). 

8th.  The  line  (Or)  just  measured  call  the  "  effectual  dUtanee  of  the 
uprighting  force,"  and  multiply  it  by  the  number  of  tons  already 
found  as  the  measure  of  that  force ;  this  product  call  "  the  momentum 
of  the  uprighting  force,"  and  take  it  as  a  measure  of  the  uprighting 

9th.  Next  subtract  the  smaller  of  th  se  two  momenta  from  the 
greater.  If  the  upsetting  force  b  the  g  at  the  ship  will  overset  in 
that  position,  unless  some  heavy  we  ght  be  pi  ced  on  the  bottom,  or 
some  equivalent  force  be  applied  to  p  e  e  t  ts  oversetting,  and  such 
a  force  will,  in  order  to  be  effectual,  require  to  have  a  momentum  at 
least  equal  to  the  difference. 

lOtb.  But  if,  on  the  contrary,  the  uprighting  force  bo  the  greater, 
the  ship  in  that  position  tends  to  upright  itself,  and  can  carry  in- 
creased top  weight,  untd  this  mcreased  momentum  becomes  equal  to 
the  surplus  righting  momentum 

It  is  this  surplus  momentum,  eithei  way,  that  is  taken  to  measure 
the  stability  or  instabihfy  of  the  ship 

11th.  If  the  surplus  righting  momentum  be  divided  by  the  entire 
weight  of  the  ship,  the  distance  will  be  found  to  which  this  whole 
weight  might  be  removed  to  one  side  without  upsetting.  This  dis- 
tance is  reckoned  as  another  measure  of  stability.  If,  now,  this  last 
measure  be  divided  by  the  sine  of  the  angle  of  inclination,  the  h,eight 
will  be  obtained  to  which  the  whole  weight  of  the  ship  might  be 
raised  without  upsetting  it;  and  this  is  a  third  measure  of  the  sta- 
bility of  the  ship,  and  is  called  the  measure  in  height  of  stability  of 
form. 

It  may  be  found  geometrically  by  taking  the  point  B,  and  through 


Hosted  by  Google 


DO  NAVAL   ARCHITECTUKE. 

it  erecting  a  perpendicular  to  tlie  water-line,  which  will  cut  the 
upright  middle  of  the  ship  at  this  height. 

Thus  measures  of  stahility  are  obtained  in  three  forms : 

1st.  Power  to  carry  a  given  weight  at  a  given  distance  out  of  the 
middle  line. 

2d.  Power  to  resist  a  given  heeling  force. 

3d.  Power  to  carry  the  whole  weight  at  a  certain  height  above  the 

The  second  method  of  calculating  the  stability  of  a  vessel  is  to 
calculate  all  the  quantities  given  above,  for  some  extremely  minute 
angle  of  deviation  (say  41")  from  the  vertical  position.  This  may 
be  said  to  measure  the  resistance  of  the  vessel  to  deviation  from 
the  vertical,  whereas  the  former  method  measures  her  tendency  to 
return  to  the  vertical  after  having  been  compelled  to  make  a  great 
deviation  from  it. 

ELEMENTS  OF  STABILITY.* 

Breadth  — The  stability  of  a  vessel  increases  or  diminishes  enorm- 
ously with  its  variation,  whether  the  displacement  remain  constant, 
or,  the  draft  remaining  constant,  the  displacement  vary  with  the 
breadth.  In  the  latter  case  the  height  of  the  meta-centre  varies  as  the 
square  of  the  breadth 

Displacement  — If  the  breadth  remain  constant,  the  stability  in- 
creases as  the  displacement  decreases.  And  since  in  that  case  the 
centre  of  displacement  rises,  the  height  above  the  water-line  to  which 
the  vessel's  load  may  be  carried  receives  a  fiirther  increment. 

Draft. — Assuming  both  the  breadth  and  displacement  to  remain 
constant,  the  increase  or  diminution  of  draft  lowers  or  raises  the  cen- 
tre of  displacement,  and  with  it  the  meta-centre.  It  does  not  other- 
wise effect  the  instantaneous  stability. 

Stowage  of  Lading  or  Ballast. — The  meta-centre  indicates  the 
height  to  which  the  centre  of  weight  of  the  vessel  may  be  brought 

•  TUers  ara  two  kinda  of  stability,  vii. :  Stalioal  and  D^amical.  Statical  St4- 
EitiTV  IS  Ihe  momtnt  of  FOHCEjor  tfforl)  6y  mhich  a  fioatzTig  body  endeavor!  to  regain 
ill  vpri'jht  or  iertieal  position  after  having  been  deflected  from  that  poiilion.  SvNAHI- 
OAL  Stabiliit  it  the  amount  of  WORK  (t.  e.,  noight  of  the  body  in  lbs.,  aToitdopois, 
multiplied  b;  the  Tertical  lieigiit  in  feet  of  the  eum  or  differeneea  of  dieplacemeiitB  of 
the  oentrea  of  gravity  of  the  body  and  of  the  water  it  displnoes)  done  on  ony  body,  in 
order  lo  deflect  it  (ftroujS  niiy  ongle/rom  itt  upright poaition. 
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without  upsetting ;  and  the  amount  of  stability  for  very  small  incli- 
nations is  measured  by  the  distance  between  the  meta-centre  and  the 
centre  of  weight.  The  stowage,  therefore,  effects  the  instantaneous 
stability  in  so  far  as  it  raises  or  lowers  the  centre  of  weight,  and  not 
further  or  otherwise.  As  the  meta-centre  fixes  an  absolute  maximum, 
which  being  reached  the  vessel  has  no  stability  whatever,  tbc  weights 
must,  in  practice,  be  kept  considerably  helow  it,  as  the  vessel  must 
have  reasonable  stability. 

Ourve  bounding  Plane  of  Flotation  or  Form  of  Water-line. — This 
element  of  variation  may  be  considered  apart  from  all  others,  and 
even  independently  of  the  proportion  between  length  and  breadth. 
Cxleris  paribug,  fine  lines  may  reduce  the  stability,  measured  by  the 
height  of  the  meta-centre  above  the  centre  of  displacement,  to  one- 
half  what  it  is  in  the  reciangvlar  box.     (Fig,  5.) 

Length  and  Lateral  Stability. — This  element  may  be  always  disre- 
garded, except  in  the  mere  calculation  of  actual  weights,  provided 
the  same  breadths  and  depths  at  proportionate  lengths  are  main- 
tained. 

Weight. — ^This  element  is  merely  a  factor,  and  is  of  no  other  ac- 
count in  the  investigation  of  stability, 

A  vessel  with  nothing  movable  in  her  has  her  stability  completely 
determined  by  the  moments  on  the  water-line  of  the  three  following 
forces,  only  two  of  which  are  independent: 

1st.  Her  weight. 

2d.  The  upward  pressure  due  to  her  displacement. 

3d.  The  force  required  to  keep  these  in  equilibrium. 

Distinction  between  Heeling  and  being  Listed.— A  vessel  is  said  to 
heel  when  she  is  pushed  over  by  an  extraneous  force,  on  the  removal 
of  which  she  would  alter  her  inclination. 

She  is  said  to  he  listed  when  she  has  found  equilibrium  in  any 
position  other  than  upright,  whether  owing  to  an  unsymmetric  dis- 
tribution of  her  weight  or  to  any  peculiarity^  of  form.  A  list,  there- 
fore, implies  equilibrium  (though  unsymmetric);  heeling  excludes 
equilibrium. 

As  applied  to  a  vessel  keeling,  tlie  meta-centre  has  no  meaning, 
except  to  indicate  how  an  alteration  of  the  weights  might  he  made  to 
give  equilibrium.  As  applied  to  a  lided  vessel,  it  has  the  same 
import  as  to  a  vessel  floating  upright.     In  both  these  cases  it  affords 
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practical  means  of  comparing  many  different  forms,  especially  where 
the  variation  to  be  considered  is  in  the  water-line. 

As  a  rule,  when  two  floating  bodies  are  homogeneous  and  homol- 
ogous, and  their  breadths  B  and  b,  their  stabilities  are  to  each 
other  as  B'  to  I'.  If  two  homogeneous  bodies  have  homologous  trans- 
verse sections,  but  not  homologous  longitudinal  sections,  and  tiieir 
lengths  are  L  and  /,  and  breadths  B  and  b,  their  stabilities  are  to 
each  other  as  L  X  B'  to  ?  X  6^  A  rough  comparison  between  two 
ships  may  therefore  be  made  by  comparing  the  products  of  their 
lengths  and  cubes  of  their  breadths. 

Fig.  5  is  36  feet  in  breadth  and  27  feet  in  depth-^cale,  ith  inch 
to  1  foot.  After  inclining  this  form  to  the  taken  degree,  and  after 
having  calculated  the  piece  00'  as  mentioned  in  the  table,  another 
lijie  is  drawn  below  the  upright  wat^r-line  on  the  side  of  the  im- 
mersed part,  going  through  0',  making  an  angle,  y,  with  the 
upright  water-line.  Through  this  line  the  whole  immersed  body  is 
divided  into  two  parts — the  "upsetting"  part  and  the  "righting" 
part. 


.^^- 

^^^j,^'^^-^^ , 

.^ii^ 

^-^„  ^^^^^^^^ 
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The  sum  and  substance  of  what  is  known  of  the  nature  of  stabil- 
ity is  that  the  "shoulders"  alone  give  to  the  ship  righting  or  upright- 
ing  power,  and  that  no  other  part  of  the  ship  can  be  so  formed  as  to 
increase  the  righting  power  given  by  them.  This  righting  power  is 
equally  effective  in  squaring  the  ship  to  the  water,  whether  it  be  still 
water  or  rough  wave  water. 

The  under-water  body  can  in  no  way  help  the  ship  to  keep  up- 
right, since  there  is  no  kind  of  bottom  on  which  she  can  be  said  to 
rest  in  the  water.  The  most  that  aDy  under  body  can  do,  either  by 
shape  or  size,  is  to  take  less  away  from  the  stability  given  by  the 
"shoulders"  than  some  other  shape  or  size  of  under  body  takes  away. 
Size  of  bottom,  therefore,  or  quantity  of  under-water  body,  lessens 
the  stability  of  a  ship,  and  has  to  be  counteracted  by  the  power  of 
the  "  shoulders."  In  short,  bottom  tends  to  upset  the  ship ;  so  much 
so,  indeed,  that  if  it  be  large  and  powerful,  it  may  take  more  than 
the  whole  power  of  the  "shoulders"  to  keep  it  down  and  prevent 
the  ship  from  capsizing.  In  any  case  it  weakens  the  effect  of  the 
"  shoulder"  by  the  whole  of  its  upsetting  power. 

It  is  only,  therefore,  the  surplus  power  of  the  "shoulder"  remain- 
ing over  and  beyond  what  is  employed  to  keep  down  the  under  body 
which  is  available  for  use  in  carrying  a  press  of  sail,  or  in  supporting 
top  weight  out  of  the  water.  If  there  be  any  such  surplus,  it  is 
necessary  to  find  out  how  much  there  is,  to  see  if  it  be  enough  to 
carry  a  press  of  sail,  and  enough  also  to  carry  top  weight,  as  then 
the  ship  may  be  able  to  do  without  ballast. 

By  ballast,  in  the  genetal  sense  of  the  term,  is  meant  weights  car- 
ried under  the  water,  in  contradistinction  to  wdghts  carried  above 
the  water,  or  top  weights'.     There  are  two  ways  of  ballasting  a  ship ; 
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onS  is  by  the  real  lading  of  heavy  weights  under  the  water ;  the 
other  is  by  putting  weights,  jwhich  are  not  parts  of  the  lading,  nor 
essential  parts  of  the  ship,  low  down  in  the  ship  for  the  mere  purpose 
of  helping  the  "shoulders"  to  carry  top  weight;  this  latter  being  the 
old  principle  of  ballasting.* 

Weight  placed  under  the  water  in  either  way  may  be  said  to  have 
the  following  effects ;  firet,  by  being  under  the  water  as  far  as  the  top 
weights  are  above  it,  it  neutralizes  the  bad  effect  of  these  top  weights 
and  balances  them.  In  this  way  under-water  weight  assists  the 
"shoulders"  in  carrying  top  weight. 

There  is  another  way  of  looking  at  the  effect  of  under-watfir  weight 
in  giving  stability;  it  aids  the  "shoulders"  in  keeping  down  the 
under  body.  In  this  way,  as  well  as  in  counterbalancing  top  weight, 
under-water  weight  helps  the  "  shoulders." 

Thus"  it  is  that  there  are  three  agents  in  stability — two  arising  from 
the  shape  alone,  and  one  from  disposition  of  weights.  The  shape  and 
size  of  "  shoulder"  give  stability  of /arm;  the  shape  and  size  of  under- 
water body  give  instability  of  form.  What  of  the  power  of  the  ' '  shoul- 
der" remains  beyond  counteracting  this  under  body  is  the  true  surplus 
stability,  or  measure  of  righting  power,  for  that  form.  This  surplus  is 
all  that  can  be  used  for  navigating  a  ship  and  carrying  her  top  weights. 
If  more  stability  he  wanted,  it  can  be  obtained  by  weight  alone.  All 
the  weights  of  a  ship  which  have  their  common  centre  of  gravity  in 
the  middle  of  the  ship,  just  between  the  two  "  shoulders,"  neither  help 
the  stability  nor  hinder  it.  Only  weight  placed  below  ike  middle  of 
the  "shoulders"  gives  help  and  increases  stability ;  and  if  the  centre  of 
all  the  weights  of  the  ship,  cargo  and  ballast,  taken  together,  fall  above 
the  water-line,  the  surplus  power  of  the  "  shoulders"  may  enable  her 
to  carry  sail ;  if  not,  there  is  no  resource  left  but  to  lower  the  weights 
in  her,  or  to  place  ballast  in  her  bottom ;  in  other  words,  to  supply 
the  defect  of  stability  of  form  by  adding  stability  of  weight. 

As,  therefore,  stability  of  form  is  that  power  which  the  naval  archi- 
tect alone  can  confer  on  his  ship — while  stability  of  weight  may  after- 
ward be  regulated  by  those  who  lade,  and  control,  and  navigate  the 
vessel— the  form  and  action  of  the  "shoulders"  are  the  province  in 
which  the  skill,  contrivance  and  forethought  of  the  designer  of  the 
ship  can  be  most  powerfully  and  usefully  employed. 

*  Fiuolmm  states  tliat  in  17S3  "  three-decked  ships"  carried  4S0  tous  of  this  dead  weiglit. 
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Breadth  of  "  shoulder,"  properly  placed,  gives  power  to  staiid 
upright  and  to  carry  heavy  weights  above  the  water ;  but  cases  often 
occur  in  which  stabDity  is  sought  and  breadth  of  "  shoulder"  denied. 
This  may  arise  from  local  causes,  such  as  the  narrowness  of  a  dock 
entrance,  or  from  a  wish  to  obtain  certain  other  qualities  which 
may  be  inconsistent  with  great  breadth. 

In  this  case  the  dimension  of  length  is  the  only  one  not  limited, 
and  the  question  arises.  How  can  length  tate  the  place  of  breadth  ? 
To,  find  out  how  stability  may  be  given  by  length  where  the  breadth 
is  limited,  it  must  be  remembered  that  if  the  two  ends  are  made  very 
fine,  in  proportion  to  the  middle  body,  they  may  be  considered  as 
having  little  effect  in  giving  inereased  stability  to  the  middle.  K'ow, 
in  all  vessels  with  fine  ends,  very  large  portions  of  the  two  ends  have 
merely  stability  enough  to  upright  themselves,  and  have  no  power 
whatever  to  help  the  middle  body  to  carry  top  weight.  Tliese  two 
portions,  therefore,  may  be  taken  as  neutral  parts  of  the  vessel — 
neither  helping  the  middle  body  nor  requiring  help  from  it,  and 
therefore  it  simplifies  the  subject  very  much  to  leave  them  altogether 
out  of  the  question. 

Suppose  fig.  10  to  represent  the  how  of  a  ship,  and  fig.  14  to  rep- 
resent the  stern  of  K  ship  at  the  mean  depth  of  water.  Tlie  form 
fig.  10  barely  stands  upright  with  its  own  weight.  In  like  manner 
the  form  fig.  14  barely  stands  upright  with  its  own  weight,  and  a 
very  slight  elevation  and  depression  of  weights  would  make  them 
absolutely  neutral. 

It  is  plain,  therefore,  that  these  forms,  if  taken  as  types  of  a  cer- 
tain kind  of  bow  and  stern,  do  not  affect  the  stability  of  the  middle 
body  either  way.     These  two  ends  may  be  assumed  as  types  of  the 
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"  dipper"  bow  and  stem.  Suppose  fig,  11  to  represent  a  "  bell"  bow, 
and  it  is  seen  that  instead  of  being  any  use,  this  "bell"  bow  is  unable 
to  carry  itself,  and  would  require  help  to  a  very  great  extent.  Fig. 
12,  on  the  other  hand,  taken  aa  a  type  of  the  "  wjaue"  bow,  has  a 
powerful  surplus  stability  at  its  deepest  immersion,  while  only  at  its 
lightest  immersion  does  it  need  help.  Fig.  13,  which  is  the  extreme 
of  the  "fiare-ouS'  bow,  is  unstable  at  all  immersions,  and  worse  than 
helpless.  It  is  plain,  therefore,  that  the  naval  architect  need  not 
trouble  himself  to  seek  much  help  from  any  of  these  bows :  it  is  to 
the  stern  that  he  should  look  for  any  help  he  may  want  in  supplying 
the  needful  stability. 

It  is  found,  by  long  practical  experience,  that  there  exists  a  wide 
scope  for  obtaining  power,  stability  and  weatherlmess  to  a  ship  of 
limited  beam  by  a  wise  design  of  the  afier  body. 

A  crank,  narrow  ship,  may  be  rendered  stable  and  weatlierly  by  a 
very  moderate  alteration  to  the  bulk  and  form  of  the  after  body. 
The  secret  of  success  consists  in  unitmg  with  a  very  fine  line  under 
water  a  very  full  line  at  the  surfiice  of  the  water.  Fig.  15  has  great 
stability  at  its  two  deepest  immersions,  and  is  not  deficient  in  sta- 
bility even  at  its  lightest.  So  great  is  ifa  stability  that  yciy  few 
midship  sections  even  compete  with  it,  and  to  most  of  them  it  would, 
at  its  deepest  drafts,  impart  an  enormous  increase  of  that  quality. 

There  is  another  point  where  the  constructor  can  use  the  form  of 
the  stem  with  great  efieet,  for  the  power  of  a  middle  body  to  carry 
top  weight  lessens  as  the  draft  of  water  increases.  This  is  the  same 
as  saying  that  in  proportion  as  heavy  top  weight  pre^es  the  vessel 
more  down  in  the  water,  so  does  this  very  depth  in  the  water  diminish 
the  power  of  the  midship  body  to  carry  its  top  weight.  The  reason 
for  this  is  already  known  to  be  that  bottom  buoyancy  increases  both 
the  quantity  of  the  upsetting  force  and  the  advantage  with  which  it 
acts.  Now  let  it  be  observed  how  the  rffter  body  can  be  used,  so  as 
exactly  to  counterbalance  this  defect  of  the  middle  body,  and  make 
good  the  stability  of  the  ship  in  exact  proportion  to  the  increasing 
top  weight  which  presses  it  down  in  the  water. 

The  skillful  architect  will  carefully  cut  away  bottom  buoyancy 
from  the  stem  of  the  ship,  which  will  enable  him  to  make  the  "  run" 
as  dean  and  fine  aa  he  wants  it  to  be.  Nearer  the  middle  the  stem 
may  be  like  fig.  15,  and  further  aft  like  fig.  16 ;  and  finally  like  fig. 
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14,  Each  of  these  forms  has  a  growing  surplus  of  stability  over  that 
necessary  to  support  itself,  in  something  like  the  fbllowiog  proportion 
to  the  increasing  draft  of  the  water :  Eig.  15—3  when  .lightest,  and 
7  whea  deepest ;  fig,  16 — 3  at  middle  draft,  and  6  when  deepest ; 
and  fig.  14  only  4  when  deepest,  but  negative  at  the  two  other  drafts. 
The  more,  therefore,  of  a  form  approaching  to  fig.  15  the  constructor 
can  put  into  the  stem,  the  more  powerful  will  be  the  resources  he  will 
have  developed  in  the  stern  to  aid  the  good  qualities  of  tlie  middle 
body,  and  to  supply  stability  to  do  the  work  required  exactly  at  the 
time  and  in  the  manner  where  it  is  most  wanted,* 

Constructors  of  the  old  school  declaimed  against  a  full  after  body 
and  insisted  on  a  fine  run;  but  in  truth  there  was  no  reason  why 
either  should  have  been  sacrificed,  in  so  far  as  concerned  its  practical 
use.  On  the  bottom  of  the  stem  give  the  finest  possible  run ;  it  is 
there  where  it  is  wanted,  there  alone  where  it  is  useful ;  so  there  give 
it  to  the  utmost  Near  the  surface  of  the  water,  on  the  contrary, 
'  run  is  not  only  of  no  value  to  speed,  but  has  many  di"*- 
i  of  every  kind.  A  wise  constructor  will  seek  there  the 
e  wants;  since  the  buoyancy  may  be  taken  in  large 
quantity  near  the  surfiice  of  the  water  without  impediment  or  in- 
crease of  resistance ;  in  short,  as  much  as  is  wanted  to  make  the 
vessel  a,  good  and  stable  ship.  A  mine  of  good  qualities  is  here  to 
be  found,  formerly  comparatively  unworked,  mainly  on  account  of  a 
vague  but  widespread  prejudice,  having  no  better  basis  than  the  old 
saying:  "Cod's  head  and  mackerel  tail."  "Cod's  head"  meant 
simply  the  putting  the  fullness  required  for  stability  to  carry  sail 
in  the  bow;  and  "mackerel  tail"  meant  taking  it  away  from  the 
stem.  In  former  days  it  was  not  known  that  putting  fullness  in  the 
bow,  to  create  stability  to  carry  sail,  was  putting  it  in  a  place  to 
render  that  sail  useless,  for  there  it  prevented  it  from  carrj-ing  the 
vessel  rapidly  and  easily  through  the  water.  The  "wave"  prin- 
ciple enables  the  modern  naval  architect  to  take  away  all  that  bluff 
buoyancy  from  the  bow,  where  it  does  so  much  harm,  by  simply 
transferrmg  as  much  or  more  buoyancy  and  stability  into  that  ])art 
of  the  stern  where,  instead  of  doing  any  harm,  it  does  good  in  every 

*  The  form  of  the  eroaa  sections  should  bo  Euch  that  the  Tolume  of  the  wedges  of 
iQiniersioD  and  emersion  abould  he  equal;  otherwise  the  centre  of  gravity  will  rlso 
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way,  because  it  leaves  the  bow  fine,  of  the  form  of  least  resistance, 
least  disturbance  and  of  greatest  speed,  while  it  trajisfers  to  the  stem 
heavy  weights  which  would  harm  the  bow,  and  brings  bulk  where  it 
gives  room,  buoyancy  and  stability. 

Moreover,  this  room  is  given  in  that  part  of  the  ship  where  it  is 
generally  of  the  greatest  value,  both  in  a  mercantile  point  of  view 
and — in  ships  propelled  by  the  screw — in  a  mechanical  point  of  view; 
for  it  is  exactly  a  form  of  stem,  extremely  fine  and  clean  below, 
which  is  best  Suited  for  the_  screw's  efiective  action,  while  the 
buoyancy  and  room  above  are  all  required  in  order  to  carry  and 
counteract  the  great  weights  and  mechanical  forces  due  to  the  action 
of  a  propelling  power  in  the  after  end  of  a  ship. 
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There  ia  probably  no  point  in  naval  construction  subject  to  such 
variety  of  opinion  as  how  to  obtain  ease  and  dryness  in  a  ship  head 
to  wind,  since  there  are  several  causes  of  seaworthiness  and  conse- 
quently counterpart  causes  which  make  a  ship  wet,  uneasy  and 
laborsome. 

It  is  necessary  to  examine"  this  subject  to  arrive  at  just  conclusions, 
because  these  same  causes  also  make  it  either  easy  or  difficult  for  a 
ship  to  ride  at  her  anchors  in  heavy  weather  or  in  a  storm  in  the 
open  sea  when  lying-to.  The  qualities  proposed  for  consideration  are 
among  those  which  it  is  most  important  to  decide  accurately,  because 
they  are  those  which  enable  a  ship  to  survive  in  safety  the  perils  of 
the  sea. 

The  first  elements  of  riding  easy  are  form  and  size  of  bow  above 
the  water.  Some  thirty  years  ago  it  was  believed  that  a  seaworthy, 
comfortable,  safe  vessel  must  have  a  high,  wide,  roomy,  round,  bluff 
bow,  and  that  such  a  bow  rtould  enable  a  ship  to  throw  aside  every 
head  wave  and  rise  high  and  dry  above  the  sea,  the  idea  being  that 
great  over-water  bulk  and  buoyancy  was  the  grand  consideration 
for  securing  the  ease,  safety  and  comfort  of  the  ship. 

It  must  be  admitted  that  the  example  of  the  Dutch  and  of  many 
others  countenanced  these  opinions  of  the  old  school,  and  certainly 
any  one  who  has  seen  how  the  Dutch  fishing-boats  and  the  pilot- 
boats,  on  the  coast  of  Holland,  ride  out  a  storm  on  that  dangerous 
and  shallow  coast,  and  ride  safely  over  the  breakers,  would  be  apt  to 
form  a  prejudice  in  iavor  of  a  buoyant,  bluff  bow. 

There  are  many  points  in  the  structure  of  these  craft  which  peculi- 
arly fit  them  for  their  special  purpose ;  their  hows  are  more  bluff  even 
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than  a  circle,  they  recede  inward  under  the  bowsprit,  so  that  they 
are  the  extreme  and  perfection  of  bluffness.  But  then,  could  bi  no 
greater  error  than  to  take  them  as  the  type  of  'jcagomg  shipv, 
although  it  is  a  common  hlunder  to  fancy  that  the  form  whirh  an 
swers  well  for  one  purpose  on  a  small  craft  answers  equallj  for  all 
purposes  on  the  scale  of  a  large  ship.  This  natural  belief  has,  how 
ever,  been  the  parent  of  the  greatest  errors  in  naval  architecture:  it 
is  an  idol  of  tradition. 

The  l>est  constructors  of  the  present  day  hold  a  belief  contrary  to 
all  this,  and  it  is  believed  to  be  the  experience  of  all  intelligent 
seamen  who  have  sailed  in  good  vtsscia  of  the  modern  form,  that  the 
long,  fine,  hollow  wave,  or  even  straight-line  bow,  carried  well  above 
the  water,  rides  easy  and  gently  head  to  wind,  when  a  full  bluff  bow 
could  not  live.* 

Eussell  mentions  an  instance  in  which  he  illustrated  this  some 
twenty  years  ago-t  He  says :  "  I  built  four  cutters  of  four  large 
ships,  all  of  the  same  dimensions,  with  four  different  shapes  of  bow^ 
a  "wave"  bow,  a  " straigM'  bow,  a  "parahalie"  bow,  and  a  round, 
"hluff"  bow.  I  allowed  the  four  captains  to  choose  each  his  own 
boat  in  the  order  of  seniority.  The  oldest  captain  took  the  bluffcst 
bow,  of  course,  as  the  best  sea-boat,  and  the  "  wave"  bow  was  left  for 
the  last.  In  order  to  test  their  drjness  and  safety,  head  to  sea,  I 
had  all  four  taken  out  together  and  forced  through  the  water  at  the 
same  speed  by  a  steam-tug.  The  speed  was  steadily  increased,  until 
at  last  the  water  was  coming  over  the  bows  of  the  blufi"  cutter  in  such 
quantities  that  the  trial  had  to  cease  in  consequence  of  the  head  sea 
pouring  into  her  and  filling  her ;  the  boat  at  the  same  time  yawing 
about  wildly  beyond  the  control  of  her  rudder,  and  threatening  to  go 
down.  AJl  this  time  the  crew  of  the  fine  "  wave"  how,  at  tlie  same 
speed,  were  dry,  easy  and  comfortable ;  and  ho  there  was  an  end,  in 

•  A  marked  iUuatration  of  this  fact  occurred  during  a  ojolone  in  the  road  of  Fnn- 
ctal,  Madeira,  in  March,  I8SS.  An  English  sailing  barque  (built  of  iron),  with  the 
long  fine  bow,  US  above,  rode  out  the  gale  and  heavy  sen.  with  the  utmost  ease  and  dry- 
ness, wilhout  striking  any  yards  or  spars;  while  the  full,  bluff  bows  went  on  shore  and 
were  wrecked,  with  the  eioeption  of  the  TJ.  S.  frigate  "  Cumberland,"  which  was  only 
fiiTed  by  the  superior  nature  of  bet  ground  tackle  and  equipment,  and  a  fortunate 

t  Sea  the  "Modern  System  of  Karal  Atohitecture,"  by  Mr.  J.  Seott  EuEsell,  from 
which  a  great  portion  of  this  work  is  taken. 
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this  case  at  least,  of  the  prejudice  that  the  full  Dow  was  the  safe  and 
dry  boat" 

On  a  large  scale,  however,  the  circumstances* may  be  different, 
though  observation  of  the  effects  of  propelling  vessels  with  full  bows, 
head  on  to  the  sea,  leads  to  but  one  conclusion,  whether  the  Ml- 
boived  ship  be  propelled  by  steam  against  a  head  sea,  or  riding  at 
anchor,  or  laid-to  head  to  mnd  in  a  storm. 

For  the  fullness  of  the  bow  does  cause  the  ship  to  rise  over  the 
waves  and  to  ascend  on  the  coming  sea ;  but,  unluckily,  it  rises  too 
high  and  too  far,  whence  it  follows  that  when  it  reaches  the  top  of  the 
sea  a  great  quantity  of  the  bow  is  left  high  and  unsupported  in  the 
au-  and  out  of  the  water.  In  the  next  second  the  unsupported  body 
falls  with  a  rapidly-accelerating  velocity,  and  by  its  momentum  in 
falling  plunges  deep  into  the  hollow  of  the  -wave.  It  is  there  met  by 
the  rising  fece  of  the  next  wave,  which  lifts  it  high  in  the  air,  when  it 
again  plunges  heavily  into  the  hollow  or  the  next  sea.  It  is  this 
plunge  into  the  succeeding  sea  which  produces  that  violent  shock  that 
no  ship  can  withstand  for  a  long  time.  The  English  steamer  "Great 
Britain"  was  an  example  of  a  vessel  very  fine  below,  with  a  great  pro- 
jection given  to  her  above,  under  the  idea  of  obtaining  seagoing  quali- 
ties ;  in  her  first  trial,  however,  she  received  serious  damage  from  a  sea 
striking  her  in  the  manner  above  described.  The  same  thing  happens 
to  a  ship  with  a  full  ou^of-water  bow  when  she  rides  a  gale;  the  bow 
receives  from  the  ascending  wave  a  rapidly-ascending  motion  till 
she  comes  to  the  top  of  the  wave,  and  then,  going  over  the  crest,  the 
whole  weight  of  her  unsupported,  overhanging  bow  pitches  down  into 
the  succeeding  hollow ;  half  buried,  she  is  brought  up  with  a  violent 
shock  in  the  following  sea,  and  so  she  goes  on  'seending  and  pitching 
violently  over  every  crested  wave. 

It  will  he  seen  that  such  a  vessel  cannot  make  much  headway 
through  the  water,  since  the  force  propelling  her  no  longer  goes 
to  speed.  It  goes  toward  driving  her  up  on  the  ascending  wave 
and  down  on  the  descending  wave,  and  each  heavy  stroke  of  the 
water  on  the  immersed  bow  is  just  so  much  force  expended  in 
stopping  the  ship,  straining  the  timbers  and  wasting  the  propelling 
power.  Effective  speed  loses,  therefore,  as  much  by  such  a  form  as 
ease  and  security. 
But  it  may  be  asked,  "  How  should  a  vessel  move,  if  not  up  and 
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down  over  the  sea?"  To  which  it  may  te  i-eplied,  "Up  and  clown 
certainly;  but  not  violently— as  gently  as  possible."  The  move- 
ment up  should  be  gentle,  the  v^essel  ascending  just  so  much  that  the 
rising  wave  may  not  enter  the  ship,  and  descending  on  the  other  side 
just  far  enough  to  recover  easily  and  without  a  shoct  at  the  bottom 
of  the  wave.  In  short,  the  motion  of  the  vessel  up  and  down  should 
be  a  little  less  than  that  of  the  wave,  and  a  little  slower ;  and  this 
desirable  equilibrium  is  accomplished  by  a  certain  well-proportioning 
of  the  bulk  of  the  over-water  part  of  the  bow  to  the  under-water 
part.  When  the  under-water  part  is  very  fine,  the  out-of-water  part 
must  be  made  fine  likewise.  "ttHien  the  under-water  part  is  full,  the 
ou^of-the-water  part  will  have  to  be  proportionably  full,  and  this 
proportion  may  be  best  given  by  so  arranging  it  that  the  how  of 
the  ship  on  the  ascending  part  of  the  wave  and  on  the  descending 
part  of  the  wave  shall  have  nearly  equal  bulks,  alternately  exposed 
below  the  water-line  and  immersed  above  it.* 

It  is  to  be  observed,  however,  that  at  the  bottom  of  the  wave  the 
way  of  the  ship  exercises  more  force  upon  the  approaching  wave,  to 
bury  itself,  than  at  the  corresponding  point  of  the  top  of  the  wave 
to  rise  out  of  the  water.  It  is  right,  therefore,  that  the  out-of-the- 
water  part  of  the  bow  should  be  fuller  than  the  under-water  part- 
just  enough  to  prevent  her  taking  in  a  sea. 

It  is  evident,  therefore,  that  this  approximate  equality  of  fullness 
of  bow  above  and  below  water  has  a  tendency  to  make  the  sides  of 
the  bow  between  wind  and  water  nearly  straight,  and  also  nearly 
vertical. 

To  this  kind  of  bow  there  exists  two  iu  marked  contrast,  termed 
the  "fiare-oia  bow"  and  the  "tumble-home  bow."-  The  "Jhre-ovt 
bow"  is  often  called  the  "  clipper  bow;"  and  there  is  another  kind  of 
it,  formerly  called  the  "  bell  bow;"  and  midway  between  all  these  is 
another  sort  of  bow,  neither  tumbling  home  nor  tumbling  out :  this 
may  be  styled  the  "uprigid  bow." 

The  "hell  bow"  was  a  favorite  form  with  the  builders  of  the 
packets  trading  between  New  York  and  Liverpool  thirty  years  since, 
before  the  mail  steam  lines  ruined  that  trade.  It  was  a  fancy  of  the 
builders  of  those  fine  sliipa  to  give  the  bows  a  form  somewhat  re- 
sembling a  church-bell  inverted,  the  swell  outward,  or  "Jlare  oitt" 

*  The  faow  of  Ihe  '■  Great  Eastern"  hig  been  aaid  to  ttocoiopUsh  thia  in  ail  weathers. 
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as*it  is  called,  beginning  about  the  "  light  line,"  and  flaring  out  all 
around  to  the  top  of  the  bulwark,  so  that  the  forecastle  occupied,  aa 
it  iveie,  the  mouth  of  the  bell. 

There  was,  no  doubt,  something  graceful  and  majestic  about  the 
aspect  of  th^e  great  bows,  and  they,  no  doubt,  buffeted  the  waves 
triumphantly,  but  meanwhile  the  vessel  was  engaged  in  other  work 
than  its  duty.  Its  business  was  to  have  gone  not  up  and  doion,  but 
/orwarrf,  and  this  the  bell  bow  hindered,  and  expended  useful  force 
in  unnecessary  but  magnificent  struggles.  A  bow  was  wanted  that 
should  elude  the  waves  and  pass  them— escaping  its  enemy,  not 
fighting  it. 

The  clipper  bow  was  next  introduced  to  accomplish  the  design  of 
the  bell  bow  without  involving  its  defects.  Believing  still  in  the 
advantage  of  a  large  flaring-out  bow,  the  inventors  of  the  clipper 
bow  endeavored  to  obtain  the  supposed  advantages  of  great  buoyancy 
without  the  impediment  produced  by  so  much  immersion  in  the 
water  as  the  bell  bow  mvolved.  "For  this  purpose,"  said  they, 
"let  us  bell  the  bow  laterally  and  draw  it  out  longitudinally  into 
a  fine  point;  thus"  we  shall  preserve  its  bulk,  but  improve  its 
shape." 

Ilenee  the  fashion  came  in  of  prolonging  the  bulwarks  of  the 
ship  at  the  level  of  the  upper  deck  a  great  way  forward,  even  10, 
20  or  30  feet  in  front  of  the  actual  ship,  and  there  they  were 
drawn  out  into  a  fine  point  above,  and  joined  to  the  real  ship  about 
the  water-line,  everywhere  with  a  kind  of  hollow  flaring  outside. 
This  system  certainly  mitigated  some  of  the  evils  of  the  bluff  bell 
bow,  and  a  large  volume  of  buoyancy  in  the  upper  part  of  the  bow, 
enormously  in  excess  of  the  part  in  the  water,  was  obtained.* 

Yet  it  must  always  be  regarded  as  a  bad  quality  to  have  on  the 
sides  of  a  ship  large  overhanging  projections,  whether  they  "  bell 
out"  or  "flare  out."  It  is  enough  to  say  that  they  injure  speed, 
and  that  they  give  uneasy  motion  to  a  ship,  and  that  overhanging 
surfaces  generally  strike  the  water  violently  and  uneasily.  There 
can  hardly  result  any  good  in  a  large  flaring-out  bow,  whatever 
its  shape  may  be;  and  it  must  be  paid  for  in  weight  of  material, 
in  want  of  strength,  in  resistance  to  speed  and  in  uneasy  motion. 

Messrs.  McKay  of  Boston  and  Hall  of  Aberdeen  are  Tei? 
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The  most  plausible  recommendation  of  a  "flare-out"  bow  is,  that 
it  throws  the  water  off  and  makes  a  ship  dry ;  but  this  is  true  only 
m  a  certain  degree  and  in  certain  circumstances— not  general— 
and  rarely  belonging  to  the  cases  now  under  consideration.  If 
a  vessel  of  fine  and  upright  form  in  every  respect  have  a  fljn-ht 
"flare  out"  given  to  it  at  the  top,  it  will  turn  over  the  tojis^'of 
the  waves  and  prevent  some  spray  from  coming  on  board ;  but  if 
it  really  strike  solid  water  ■  instead  of  spray,  it  will  do  so  with  such 
force  as  to  send  that  water  into  the  air  in  large  quantities;  and 
if  the  vessel  really  take  in  green  water  over  the  "  flare-out"  how, 
the  danger  to  tJie  ship  produced  by  the  mass  of  water  in  that 
place  is  so  seriou    that    o      a^    a  >  beauty  c      e  en  ju  1 1  1    i 

defect. 

It  is  believed  th  t  a  mucl  better  fo  m  ot  Tdo  v  is  tl  e  n  i  ]  p- 
right,  or  say  the  tumble-home  bow  prov  de  1  the  n  tract  on  of 
the  other  part  of  the  sh  p     dl  adn  t  of    t 

A  dry  vessel  is  n  ade  not  h^,  i  bluff  o  erhan^  g  bo  to  bru  e, 
beat  and  buffet  the  ave-  but  bj  a  lo  g  tl  n  1  irp  b  t  to  el  de 
the  waves,  to  pass  th  o  gh  tl  en  o  as  ne  er  to  break  the  vate  at 
all;  in  short,  a  bow  so  form  d  a  to  ffer  tl  e  m  num  re  tince 
to  the  passage  of  tie  v«sel  thro  gl  tl  e  ate  ot  n  o  e  1  ec- 
tion  merely,  but    n  e  erj    1    e  t    n  all      und  tl  e  1  1  o  e  and 

below. 

According  to  this  fa  1  n  the  t  11  p  je  t  o  of  tl  e  1  o  h  lib 
on  the  water-line  wh  ch  alone  1  oull  hist  penetrate  the  «.ues, 
while  the  top  sides  of  the  vessel  should  "tumble  home,"  and  the 
whole  be  rounded  off  so  beautifully  aud  smoothly  that  nothing 
should  either  catch  the  water,  stop  the  sea  or  break  it.  Observation 
and  experience  show  that  such  vessels  are  the  drj-est  and  fastest  in 
bad  weather,  as  well  as  the  easiest  sea  vessels,  and,  above  all,  the 
safest.  If  green  seas  ever  come  over  the  bows  of  such  vessels,  tlioy 
have  a  much  smaller  quantity  to  take  in,  they  hold  much  less,  and 
what  little  does  come  in  is  much  farther  back,  and  consequently 
much  less  injurious. 

The  "tumble-home"  bow  has  never  yet  become  "a  fashion,"  but 
vessels  have  been  built  with  it  which  have  proved  themselves  so 
much  the  better  for  it  that  it  is  thought  that  ultimately  it  will  be 
generally  adopted.     For  speed,  easy  riding  at  anchor,  ease  in  a  gale 
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of  wind,  or  safety  from  the  danger  of  shijipiiig  a  sea,  no  otlier  form 
is  equal  to  it.* 

There  are  two  exceptions,  however,  to  this  reasoning :  A  very  small 
vessel  must  have  a  large  body  above  the  water,  if  it  be  an  open  boat, 
to  prevent  its  being  swamped  or  filled  witb  water ;  and  where  buoy- 
ancy cannot  be  given  by  other  means,  it  may  be  given  by  flaiing  out 

Another  case  is  tbat  where  the  bow  of  a  vessel  is  filled — as,  how- 
ever, it  ought  not  to  be — i\ith  extremely  heavy  weights,  correspond- 
ing buoyancy  must  be  placed  on  top  of  the  bow  to  make  it  rise  to 
the  waves.     This,  however,  is  curing  one  evil  by  means  of  another. 

No  vessel  designed  for  great  speed  ought  to  have  much  capacity 
under  water  in  the  extreme  bow,  and  in  no  case  should  that  part  of 
the  vessel  be  occupied  with  heavy  weights.f 

*  A  oonsidera'bla  nnmber  of  tha  Englisti  blookade-runners  captured  during  tlie  late 
war  were  built  with  this  bow.  Though  ot  small  tonuiige  and  limited  beam,  as  a 
general  rule  thej  proved  admirable  sea  veasala  in  bad  wenthet. 

f  Therefore  heavy  pivot  guns,  in  "  the  eyes"  of  sharp-howed  men-of-nar,  are  great 
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If,  in  conformity  with  tKe  maxims  in  the  preceding  chapter,  the 
fl-iring  bow  (which  causes  a  -hip  to  p"t  h  h"gh  '  ad  I  i  and  make 
bad  weath    )  m      d  a  1  ng    tep  will  ha       b    n  tak  n  t  wa  d 

m  k  ng  h       a  y  an  1  d  J    and  m  nj      mm  n  ^us       in,  th 

n  a  thus  bl  t  at  d  But  th  e  st  11  mam  m  a  I  tra  y 
matt        a    1  f  wh    h  g  ea  fa   to    nban  mp  tl     g    d 

q  al  t  s    f  a   1  p 

Th  at      bulk  al         th    w  t     1  n  m       1     1-ut    nthe 

h   ce   f  tl    _p  J     i  d/         f  th        tvl        t    If  m    hh 

to  be     ttl  d    n  whi  h  may  imp  nj         th      h  p       It  bj 

m  ans  f  11        tl  at  a  1      th     t         h  ng  fl    e-  ut  h 

e  th        a.  J    d  y      f  t     1        h  th         d        at  an  h  g 

th    ugh  a  h  a  y  1     d  n     th    f         £  th      at     bn    i.  al     a 

p        iul  a    nt        a.      nd     a       tl  u 

Th  p  w  f  th  a  to  lifl  a  h  1  h  iv  and  th  f  e  w  th  hf  h 
wh  n  1  it  d  an  1 1  tt  by  th    wa        t  f  Us      t    th    h  11         f  th 

di      wa       dp     d    nth    f    m    fth      at     1  1       th    pi 

u  wh    1  th        t     Im    all  w     th    w   ght     f  tl       h  p  t    h  1 

As  regards  pitching  and  'scending.  it  may  be  inquired  how  the  water- 
line  can  be  formed  «o  as  to  make  the  ship  ride  and  drive  easiest 
through  the  sea ?— understanding  by  "easy"  that  she  shall  rise  and 
fall  gently,  slowly  and  not  for.  Fortunately  there  is  a  measure 
which  tells  this  exactly.  The  power  of  the  slope  of  a  rising  sea  to 
raise  a  ship  is  measured  b)  the  same  elements  and  methods  as  those 
by  which  we  measure  the  power  of  the  water  to  support  the  ship  side- 
ways against  the  depressing  power  of  her  canvas  on  the  lee  side,  or 
enable  her  ta  carry  a  heavy  load  upon  one  side. 

The  power  of  a  head  sea  to  lift  the  bow  of  a  ship  is,  thereibre. 
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measured  in  tlie  same  way  as  lateral  stability,  only  the  elements  are 
reckoned  Imf/ihxidse,  instead  of  being  taken  across  the  ship*  To 
proceed,  then,  to  the  consideration  of  measuring  the  tendency  of  the 
sea  to  raise  a  bow  which  has  been  depressed  under  its  natural  water- 
line,  let  it  be  imagined  that  the  bow  (fig.  17)  is  pressed  under  water 
by  a  displaced  weight  moved  from  O,  the  middle  of  the  ship,  and 
placed  in  the  bows  at  W.  This  weight  presses  a  wedge-like  part  of 
the  bow  into  the  water,  and  ra^es  the  stem  out  of  the  water.  The 
wedge  of  immersion  of  the  bow  acts  by  its  buoyancy  at  its  centre  of 
effort  with  a  righting  force  preportioned  to  the  bulk  of  the  wedge, 
and  to  the  distance  of  Ue  centre  of  effort-from  the  point  0.  It  acts 
in  length  just  as  the  we<lge  of  lateral  immersion  does  in  width.  Its 
raidng  power  is  to  be  found,  therefore,  by  multiplying  its  volume  into 
the  d-ktanee  of  its  centre  of  effort  (E)  from  O.  The  power  of  the  sea  to 
lift  the  bow  of  a  ship  depends  on  the  bulk  of  the  bow  immersed,  the 
length  of  the  bow,  the  fullness  of  the  water-line  and  ihe  place  of  that 
fullness.  If  a  water-line  be  full  forward,  it  -will  have  great  lifting 
power ;  if  fine  forward,  small  liftmg  power. 

Having  measured  "the  power  of  a  sea  to  lift  a  given  bow,  it  is 
necessary  to  measure  the  force  with  which,  when  left  unsupported, 
it  falls  upon  that  sea.  That  depends  upon  the  weight  left  unsup- 
ported and  on  the  point  at  which  it  acts.  If  the  weights  lie  far  for- 
ward on  the  bow,  it  will  fall  with  great  force  into  the  water,  descend- 
ing with  a  speed  proportioned  to  its  distance  fro^n  the  centre,  and 
plunging  to  a  depth  proportioned  to  the  atjuare  of  its  falling  velocity. 
From  these  two  considerations  it  is  plain  that' a  ship  in  'scending 
will  be  raised  out  of  its  horizontal  seat  on  the  water-line  in  a  very 
high  proportion  inverse  to  its  fineness  of  bow,  and  that,  in  pitch- 
ing, the  ship  ivill  plunge  less  in  proportion  as  the  weights  left 
unsupported  are  removed  from  the  extremities  toward  the  middle 
body  of  tlie  ship.  The  importance  in  trimming  a  ship  of  so  dis- 
tributing her  weights  as  to  diminish  their  effect  in  causing  her  to 
pitch  heavily,  is  therefore  evident.  A  bow  fine  at  the  extremity,  hut 
taking  fullness  farther  aft,  makes  a  ship  much  easier  than  one  which 
is  leaner  aft  and  Mler  forward.f 

«  There  ie  therefure  a  longilndiiial  meta-oentrB. 

■f  Smoe  longUudinal  stability  is  tlie  antlilote  to  pitching  and  'spending,  lateral  sta- 
bility may  bo  said  to  ease,  increase  ot  diminish  the  motion  of  rolling.  A  "juste 
milieu"  must  be  sought  in  eitker  case. 
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The  form  and  proportion  of  the  stern  has  not  here  been  noticed, 
since  the  stem  of  a  ship  has  not  to  be  driven  against  a  sea,  and  in 
all  ordinary  practice  is  so  sheltered  from  it  that  overhanging  form 
and  unsupported  weight,  which  would  be  a  source  of  insecurity  in 
the  bow,  may  be  tolerated  with  safety  and  convenience.  What  is 
said  of  the  bow  may  therefore  apply  only  to  the  stern  in  a  very 
modified  form. 
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The  nature,  cause  and  cure  of  crankness  or  instability  having  been 
considered,  it  is  now  knoivn  how  to  make  a  ship  stable  under  every 
ordinary  condition  of  load,  by  giving  her  power  of  "  shoulder"  to 
stand  up  stoutly  and  carry  a  heavy  press  of  canvas  in  a  stiif  breeze — 
a  quality  which  is  therefore  called  stiffness. 

This  quality  of  stiffness  under  sail,  or  uprightness,  requires,  as  an 
addition  to  it,  teeaiherliness — a  virtue  as  opposed  to  leewardliness.  A 
leewardly  ship  is  liable  to  be  driven  with  the  wind,  though  her  head 
be  laid  in  an  opposite  direction.  By  leewardliness  ships  drive  broad- 
side on  toward  a  lee-shore  instead  of  lengthwise  through  the  sea,  and 
so,  lacking  weatherliness,  are  lost. 

Next,  therefore,  after  stiffness  comes  weatherliness  to  go  in  the 
direction  intended — to  make  headway  across  the  wind  and  against 
the  wind,  instead  of  driving  broadside  to  leeward. 

This  quality  is  to  be  obtained  by  considering  an  entirely  different 
aspect  of  the  vessel  from  that  hitherto  examined.  The  ship  has  been 
viewed  through  her  breadth  merely;  she  must  now  be  looked  at 
through  her  leiifftk  and  depth. 

The  full-length  side  view  of  a  ship,  as  she  sits  upright  in  the  water, 
presents  a  much  larger  extent  of  surface  than  the  cross  view  of  her 
breadth. 

A  ship  of  86  feet  beam  and  18  feet  depth  in  the  water,  may  have 
648  square  feet  of  immersed  cross  section ;  and,  in  order  to  force  the 
vessel  through  the  water,  those  648  square  feet  of  midship  section* 
must  be  pushed  in  the  direction  of  the  length  of  the  vessel.  This  the 
propelling  power  must  do  ;  and  supposing  it  requires  a  pressure  of  30 

*  Generallj  known  a-  the  SS  (or  d^ad-Jlal)  soetion. 
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lbs.  to  push  each  foot  through  the  water  at  the  rate  of  10  miles  au 
hour,  if  the  sails  of  the  ship  have  enough  pressure  of  wind  upon  them 
to  give  this  force  of  BO  lbs.  for  each  square  foot  of  section,  the  vessel 
will  go  ten  miles  an  hour  before  the  wind. 

This,  however,  is  not  the  thing  wanted ;  for  the  sails  may  be  so 
trimmed,  and  the  vessel's  head  so  laid,  that  by  means  of  the  obliquity 
of  the  sails  to  the  course,  and  of  the  course  to  the  ivind,  the  ship  shall 
sail  technically  "on  the  wind."  Now  it  is  the  business  of  the  sea- 
man to  lay  her  head  in  the  proper  direction,  and  to  see  that  her  sails 
are  trimmed  to  the  proper  angle ;  but  it  is  the  naval  architect's  work 
to  see  that  the  fomi  of  the  vessel  prevents  her  driving  to  leewai-d. 

It  must  be  understood,  therefore,  that  when  the  ship  does  not  run 
straight  before  the  wind,  but  lies  obliquely  to  it,  the  force  of  the 
winds  acts  in  two  directions.  Partly  it  forces  the  ship  its  own  way 
or  to  leeward,  and  partly  it  forces  her  in  the  direction  in  which  her 
head  is  laid,  or  to  windward ;  the  practical  question  being  how  to 
make  the  first  as  litth  as  possible,  and  the  second  as  viuch  as  possible, 
— in  short,  how  to  make  the  ship  weatherly.  This  the  naval  ai-chitect 
has  to  do. 

The  means  by  which  weatberliness  is  given  consists  in  interposing 
the  greatest  possible  obstacle  between  the  leewardly  part  of  the  wind 
and  its  effect.  The  ship  must  be  so  constructed  that  it  will  be  hard 
for  her  to  drive  to  leeward  and  easy  for  her  to  go  to  windward ;  and 
the  antidote  to  leewardliness  is  large  longUudintd  section.  As  648  feet 
of  cross  section  are  to  be  driven  in  the  course  of  the  ship,  there  must 
be  much  more  than  this,  and  as  much  more  as  possible,  in  the  other 
direction  at  right  angles. 

If  the  constructor  can  put  six  times  648  feet  between  the  ship  and 
her  going  to  leeward,  she  is  made  six  times  as  bard  to  drive  to 
leeward  as  to  windward.  By  this  means  it  is  contrived  that  ber 
progress  to  leeward  shall  be  very  small  in  comparison  to  her  progress 
to  windward,  even  when  the  sails  are  so  trimmed  that  there  is  as 
much  force  pushing  her  the  one  way  as  the  jther. 

In  considering  weatberliness,  therefore,  he  has  only  to  sec  by  what 
means  as  great  a  surfece  as  possible  can  be  interposed  in  the  water, 
so  as  to  prevent  the  ship  being  forced  to  leeward.  If  the  ship  can 
be  made  six  times  as  long  as  she  is  broad,  and  preserve  ber  depth 
below  the  water  all  the  way  to  an  average  of  18  feet — or  say  17  feet 
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at  the  bow  and  19  feet  at  the  stera,  whicli  is  the  same  thing — then  she 
has  a  longitudinal  section  216  feet  long  by  18  feet  deep,  presenting, 
in  the  whole,  a  resisting  area  of  38SS  square  feet. 

Thus  it  is  that  a  considerable  excess  of  length  beyond  breadth  is 
necessary  to  give  weatherliness,  and  therefore  it  will  be  plain  that 
unless  adec[uate  length  be  given,  all  the  stiffness  to  carry  sail,  for 
which  so  much  breadth  of  "  shoulder"  has  been  given,  will  be  throivn 
away ;  because  if  the  ship  can  carry  sail  merely,  and  that  sail  only 
^orce  her  to  leeward,  it  is  useless.  Stiffiiess,  therefore,  or  breadth  of 
"shoulder,"  must  have  kngOi  to  back  it  or  it  is  worthless. 

The  area  of  longitudinal  section  to  give  weatherliness  must  bear  a 
due  proportion  to  stiffiiess  and  to  area  of  cross  section,  Stiftiess  mea- 
sures power  to  drive  the  ship  under  canvas ;  cross  section  measures 
the  force  necessary  to  drive  it  ahead ;  and  longitudinal  section  mea- 
sures resistance  to  being  driven  to  leeward, 

Anotlier  element  which  comes  in  to  assist  weatherliness  is  the  ease 
Vith  which  the  fine  shape  of  a  vessel  will  permit  her  to  be  ddven 
endwise  through  the  water,  and  it  is  a  fact  that  some  vessels  are  so 
well  contrived  for  this  purpose  as,  by  sharpness  alone,  to  reduce  the 
power  necessary  to  propel  them  to  one-tv>elJth  of  what  it  would  be  if 
they  opposed  to  the  water  simply  a  flab  bow. 

In  the  example  the  area  to  resist  leeward  motion  has  been  made 
greater  than  that  resisting  fonvard  motion  in  the  proportion  of  6  to 
1 ;  and  if  the  form  be  so  fine  as  to  reduce  the  resistance  to  forward 
motion  still  further  in  the  proportion  of  6  to  1,  the  combined  effect 
will  be  in  the  proportion  of  36  to  1.  This  would  be  a  successful 
achievement,  for  it  would  reduce  the  loss  of  motion  by  leewardliness 
to  a  very  small  quantity. 

It  is  generally  reckoned  that  the  extent  of  sail  which  a  ship  can 
carry  in  a  fresh  breeze  may  be  six  times  the  area  of  her  longitudinal 
section  in  the  water.  This,  in  the  size  of  ship  taken  as  an  exam- 
ple above  would  give  an  area  of  sail  equal  to  3888  X  6  or  23,328 
square  feet  Kow  this  ajfea  of  sail  has  got  to  propel  the  vessel  with 
an  efiective  force  of  30  lbs.  to  each  square  foot  of  midship  section, 
and  as  there  are  36  square  feet  of  canvas  for  every  foot  of  driven  sec- 
tion, the  result  is  30  lbs.  divided  over  36  feet,  or  ^  of  a  lb.  as  the 
required  force  of  the  \jind  on  a  square  foot  Thei'eforc  it  is  plain 
that  a  little  less  than  one  pound  pressui-e  on  each  square  foot  of  sail, 
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a  the  direction  of  the  vessel's  course,  -would  be  necessary  to 
propel  her  ten  miles  an  hour,  and  this  a  very  moderate  force  of  wind 
would  accomplish. 

But  an  equal  force  would,  with  a  given  trim  of  saU,  be  pressing 
the  ship  to  leewai-d.  The  effect  of  this  otlier  force  would,  however, 
be  expended  on  six  times  the  area,  and-  that  area  has  six  times  as 
much  resistance  to  leeward  as  ahead.  Under  these  circumstances  the 
motion  through  the  water  being  as  the  square  root  of  the  force,  the 
leeward  motion  would  be  to  the  onward  motion  aa  the  square  root 
of  36  to  1,  which  is  of  course  6  to  1. 

The  result  is  that  the  ship  is  driven  six  miles  forward  while  she  is 
driven  one  mile  to  leeward,  and  such  a  vessel  would  be  an  ordinary 
fvU,  but  not  fast  nor  weatherly  ship. 

There  are  three  ways  in  which  the  naval  architect  can  improve  the 
weatherlihess  of  this  ship.  He  may  diminish  the  area  of  the  cross 
section,  fine  the  shape  of  the  ship  so  as  to  offer  less  resistance,  increase 
the  area  of  the  longitudinal  section,  and  give  increased  resistance  to 
leeway  by  increase  of  length  or  of  depth ;  or  he  may  do  any  or  all  of 
these  things  at  once. 

The  process  stated  above  assumes  that  the  naval  architect  is  at 
liberty  to  give  sufficient  longitudinal  area  by  the  disposition  of  the- 
body  of  the  ship ;  that  is,  that  he  can  have  such  a  draft  of  water  and 
such  a  length  of  body  as  he  may  select.  When  his  ship  is  not  of 
suitable  dimensions,  he  has  to  resort  to  various  expedients.  If  he 
has  not  depth  of  water  enough  naturally  in  the  body  of  his  ship,  he 
has  to  add  timber  or  deadwood  to  increase  the  weatherly  section  of 
tlie  ship.  When  he  adds  this  on  the  bottom  it  becomes  keel  or  false 
keel,  and  is  often  carried  to  a  great  extent.  If  this  is  not  enough,  he 
adds  Airther  deadwood  in  the  shape  of  stem  and  eut^water;  and  to 
assist  and  balance  these  he  adds  as  much  deadwood  as  he  can  in  the 
run  before  the  rudder.  It  is  thus  that  vessels  with  a  small  body  may 
obtain  a  great  weatheriy  section;  and  racing  vessels,  yachts  and 
clippers  are  frequently  built  in  this  manner  to  so  extreme  an  extent 
as  to  be  nearly  all  deadwood  and  keel  and  little  or  no  body.  A  ves- 
sel of  this  sort  becomes  a  mere  racing  phenomenon.  But,  neverthe- 
less, by  extending  deadwood  in  every  direction — before,  abaft  and 
below — extraordinary  weatherlincss  may  he  obtained  at  the  sacrifice 
oi  -capacity. 
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Wben  these  arrangemeats  fail,  or  cannot  be  applied,  there  remain 
other  expedients  for  securing  weathorlinesa.  The  lee-boards  of  the 
Dutch  craft  attain  this.  On  the  shallow,  sandy  coast  of  Holland  no 
deep  keel  is  possible,  and  therefore  the  Dutch  vessel  at  sea  would  drift 
to  leeward  for  want  of  depth  of  body ;  to  provide  against  which  she 
carries  oa  her  lee  side  a  large  flat  board  of  enormous  area,  which  is 
let  down  into  the  water  in  such  a  manner  that  the  whole  of  the  hoard 
must  be  driven  otf  the  flat  side,  leewardly  through  the  water  before 
the  vessel  can  make  leeway.  One  of  tliese  lee-boards  is  carried"  on 
each  side  of  the  vessel,  so  that  either  side  when  it  comes  to  leeward 
has  its  own  "  lee-board"  for  alternate  use.  This  is  the  Dutchman's 
substitute  for  windwardly  section,  of  which  his  small  draft  deprives 

Another  su^titute  has  been  used,  termed  a  "sliding  keel"  or 
"centre-board,"  and  is  formed  by  providing  a  hollow,  upright  aper- 
ture in  the  middle  of  the  vessel,  in  which  a  large  flat  board  is  con- 
tained, so  that  it  can  be  lowered  through  a  slit  in  the  bottom  into  the 
water.* 

These,  however,  are  expedients  merely  in  the  last  resort,  when  the 
naval  architect  is  denied  the  means  of  giving  his  vessel  due  propor- 
tions. If  due  length  can  be  given,  it  is  much  wiser  to  obtain  weather- 
liness  by  proper  length  and  fine  form  than  to  seek  artificial  expedi- 
ents, either  in  "Ue-boards"  or  "centre-boards,"  or  in  exaggerated 
deadwood ;  bat  of  none  of  these  expedients  should  he  be  ignorant; 
and  it  is  better  to  obtain  weatherliness  by  all,  or  any  of  tliem,  than 
to  have  a  leewardly  vessel. 

In  these  days  a  sailing  vessel  of  ordinary  form  is  generally  about 
six  times  as  long  as  broad.  To  drive  her  at  the  rate  of  ten  knots  an 
hour  through  the  water  rgjuires  about  48  lbs.  of  force  for  eaeh  foot 
of  her  midship  or  greatest  cross  section.  Suppose  the  vessel  has  100 
square  feet  of  immersed  midship  section,  requiring  a  force  of  4800  lbs. 
to  give  her  headway,  and  that  the  sails  are  placed  at  such  an  angle 
that  they  press  equally  forward  and  over,  or  so  that  there  shall  be 
equal  forces  causing  headway  and  leeway — there  will  then  be  a  force 
of  4800  lbs.  causing  leeway,  and  this  force  is  spread  over  600  square 
feet,  forming  the  immersed  longitudinal  section  of  the  ship.  On  each 
square  foot  of  this  section  there  will  be,  therefore,  only  one-aiWiWit- 

»  "Ceati-e-loarda"  are  only  used  in  yachts  ana  other  Email  Tessels. 
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dredtJi  part  of  4800  lbs.,  or  8  lbs.  per  square  foot  of  section.  This  8 
lbs.  will  &tuse  a  leeway  of  less  than  2  knots.  This  example  shows 
the  great  advantage  obtained  in  sailing  vessels  by  large  hold  of  the 
water.  It  is  plain  that  by  giving  this  vessel  greater  leiigth  and 
depth,  her  resistance  to  leeway  might  be  doubled,  so  that  the  force 
causing  leeway  would  be  divided  over  double  the  area,  and  be  re- 
duced to  4  lbs.  per  foot  intead  of  8,  and  this  4  lbs.  per  foot  would 
only  give  a  leeway  of  1.25  knots  per  hour. 

Table  VII.  shows  what  happens  when  the  sails  are  set  at  an  angle 
of  45°  to  the  course  of  the  ship,  and  the  wind  is  right  abeam.  In 
these  cases  there  is  equal  pressure  along  the  ship's  course  and  to 
leeward.  The  lesser  leeway  arises  from  two  causes ;  the  greater  area 
of  longitudinal  section  than  of  midship  section  and  the  finene^  of 
the  shapes.  It  will  be  seen  that  in  the  full  form  of  vessel  the  lee- 
way, under  the  pressure  that  produces  12  miles  an  hour,  is  2  miles 
an  hour.  Under  a  pressure  of  1  lb.  on  the  sails,  the  headway  is  10 
miles  an  hour,  and  the  leeway  1%  miles.  This  would  be  the  ease  in 
a  fresh  breeze  carrying  all  sail.  When  the  vessel  is  proportioned  for 
greater  speed,  with  a  greater  propoi-tion  of  length  to  the  same  area 
of  resistance  and  a  finer  form,  the  leeway  is  reduced  and  the  speed 
increased. 

These  calculations  are  made  upon  the  supposition  that  a  vessel's 
resistance  to  leeway  is  the  same  as  that  of  a  thin  plate  equal  to  her 
longitudinal  section.  But  vessels  with  round  bilges  let  the  water 
pa^  underneath  them  from  one  side  to  the  other  more  easily  than  a 
vertical  plate,  and  so  do  ail  ships  when  they  careen  much.  A  little 
more  leeway  must  be  allowed  for  in  these  cases. 
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The  first  part  of  handinesa  consists  of  balance  of  sail;  the  second, 
of  balance  of  ship;  the  third,  oi  proportion  of  rudder. 

TJnles'*  the  sail  be  balanced,  the  ship  ivill  drive  with  the  ivind, 
instead  of  moving  toward  her  destination ;  for  if  there  be  a  sail  on 
the  forward  part  of  the  yessel  only,  the  wind  wiU  force  the  forward 
part  to  leeward,  and  she  will  drive  head  foremost ;  and  if  there  be  a 
sail  on  the  after  part  of  the  vessel  only,  her  stem  will  go  to  lee- 
ward, and  she  will  drive  stern  foremost;  wherefore,  in  order  that 
neither  of  these  things  shall  happen,  the  sail  on  the  fore  part  of 
the  vessel  must  he  so  placed  and  proportioned  to  the  quantity  and 
place  of  the  sail  on  the  after  part  that  they  shall  exactly  balance  one 
another  ia  effect,  so  that  neither  one  nor  the  other  can  prevail.  This 
Is  virtually  to  take  away  from  the  wind  all  power  of  determining  the 
direction  of  the  ship ;  and  the  seaman,  by  properly  regulating  this 
balance  of  sail,  can  keep  the  ship's  head  in  any  direction  be  pleases. 

This  is  balance  of  sail,  but  it  depends  on  another  element — namely, 
the  balance  of  sliip.  The  effect  of  sail  at  the  bow  may  be  exactly 
balanced  by  that  at  the  stern;  yet,  nevertheless,  there  will  be  no 
enduring  balance  if  the  bow  be  more  easily  forced  to  leeward  than 
the  stern,  for  then  the  head'of  the  ship  woidd  go  around  to  leeward. 
A  balance  of  sail  forward  and  atl,  and  a  balance  of  ship  lengthwise 
in  the  water — the  one  called  "  trim  of  sail"  the  other  "  Irim  of  ship" 
— the  forethought  of  the  naval  architect  must  provide.  To  maintain 
this  equilibrium  depends  upon  the  ability  and  thoughtftilness  of  the 
commander  of  the  ship. 

It  is  thus  only  that  a,  handy  ship  is  obtained  and  kept  so.  The 
sails  VJust  balance,  the  body  must  balance,  and  both  must  be  kept 
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together  in  perfect  trim,  while  the  seamanship  of  the  commander, 
the  liand  of  the  helmsman  and  the  blade  of  the  rudder  do  the  rest. 

Something  more,  however,  can  still  he  done  by  the  naval  architect 
to  givej:he  sailor  complete  command  over  his  ship.  The  balance  he 
has  established  is  enough  to  deprive  the  wind  of  the  control  of  the 
vessel  and  give  it  to  the  seaman ;  but  the  ship  may  still  require  from 
him  the  exertion  of  very  great  controlling  force  when  he  wishes,  in 
the  course  of  his  man<BUvres,  to  change  its  head  rapidly  from  one 
course  to  another.  Balance  of  sail  and  of  body  will  help  him  to  do 
this,  but  it  will  not  help  him  to  do  it  quickly. 

To  make  a  vessel  very  handy  and  turn  very  quickly  her  longitudinal 
section  should  berfeep,  rather  than  long;  and  when  its  extreme  length 
is  decided,  its  effective  length  should  be  diminished  as  much  as  possi- 
ble by  removing  longitudinal  area  from  the  ends  and  placing  it  near 
the  middle.  Above  all,  much  eui-water  and  fore-foot  makes  a  vessel 
nnhandy  and  slow  to  come  around. 

It  is  better,  therefore,  to  have  deadwood  afi  than  forward,  but  re- 
moved from  both  ends  as  much  as  possible.  Rounding  off  the  fore- 
foot and  shortening  the  heel  are  the  most  effectual  ways  to  make  a 
slup  handy  without  injuring  her  other  qualities-rthe  effect  of  keel 
&nA  forefoot  being  to  cause  gripe,  or  resistance  to  turning,  which  ia 
the  contrary  of  haodiness. 

With  balanced  ship  and  balanced  sail,  good  trim  and  little  gripe, 
not  much  can  be  wanting  to  handiness.  The  rudder  must  do  tlie  rest. 
The  rudder,  however,  is  nothing  but  a  power  to  control ;  it  merely  acta 
as  a  drag  on  one  side ;  it  always  diminishes  speed  in  turning  the 
ship;  and  tlie  cleverest  helmsman  is  he  who  uses  it  least,  the  best 
ship  is  that  which  wants  it  least,  and  the  best  sailor  is  he  who  does 
most  without  it.  A  steersman  always  yawing  a  ship  about  steers 
badly.  A  ship  requiring  much  helm  is  badly  trimmed,  and  sails  re- 
quiring much  rudder  are  badly  set  or  balanced.  Nevertheless,  it  is 
above  all  things  necessary  that  the  rudder  should  have  ample  power 
— great  power,  seldom  used.  A  ship  that  will  run  along  for  hours 
with  scarcely  a  touch  of  the  helm  is  a  ship  well  trimmed  and 
sailed ;  but  when  needed,  the  rudder  must  he  able  to  turn  a  ship 
short  and  sharp  around,  and  this  may  save  her  in  an  emergency. 

The  way  to  give  power  to  the  rudder  is-  to  proportion  it  to  the 
length  of  the  ship,  for  a  long  ship  requires  a  broad  rudder.     It  is 
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thought  that  for  every  100  feet  in  the  length  of  a  ship  she  should 
have  2  feet  of  breadth  with  one  foot  added.  Thus  a  ship  100  feet 
long  needs  3  feet  breadth  of  rudder;  200  feet  long,  5  feet  breadth  ; 
400  feet  long,  9  feet,  and  so  on.* 

As  to  the  shape  of  the  rudder,  there  is  not  much  in  it  Some  say 
the  top  of  the  rudder  is  the  most  valuable  part,  for  the  water  there 
has  the  most  effect,  and  that  the  ruddftr  should  be  widest  there; 
others  say  it  should  be  widest  at  the  bottom,  for  that  there  width  is 
most  effeetive.  Both  are  erotchets ;  but  still  there  may  be  something 
peculiar  In  the  case  of  some  ships  to  render  both  exceptionally  true. 

The  fault  of  having  the  widest  part  of  the  rudder  near  the  load 
water-line  is,  that  there  a  rough  sea  may  strike  the  rudder  most 
heavily.  There  is  less  harm  in  making  the  rudder  widest  near  the 
keel,  for,  being  well  buried  under  water,  the  wave  surface  of  the  sea 
has  less  action  upon  it,  and  in  bad  weather  the  helmsman  is  not 
liable,  as  in  the  first  case,  to  have  the  helm  taken  out  of  his  hand. 
Put  on  the  other  hand  the  heel  of  a  wooden  screw-ship  may  be,  and 
probably  is,  her  weakest  part,  and  to  put  more  strain  than  necessary 
on  a  weak  place  is  unwise^  to  say  the  least.  The  best  way  is  to  have 
the  widest  part  of  the  rudder  near  its  centre,  rounding  it  off  toward 
the  top  and  heel,  the  one  to  keep  it  from  the  force  of  the  waves,  the 
other  tp  proteet  it  from  the  ground  in  a  narrow  and  shallow  channel. 

It  will  always  be  a  question  about  the  quantity  of  rudder  to  be 
given  to  a  vessel  destined  for  any  special  purpose.  If  the  shi^  is 
always  to  be  committed  to  wise  hands,  who  will  never  use  more  than 
is  necessary,  it  is  safe  to  give  plenty  of  rudder,  leaving  it  to  their 
discretion  to  use  it  as  they  may  desire,  because,  with  powerful  rud- 
ders, manoeuvres  can  he  performed  which  are  impossible  with  small 
ones.  To  be  able  to  turn  very  fast  will  often  give  a  ship  the  advan- 
tage of  another ;  and  in  a  contest  for  victory,  or  of  sport  for  a  chal- 
lenge cup,  ability  to  execute  difficult  manceuvres  rapidly  is  often  in 
itself  a  source  of  success.  A  ship  well  in  hand  is  often  better  than 
one  which  is  faster  but  runs  wild.  Therefore,  put  into  wise  hands  a 
powerful  rudder, 

•  Of  all  deseriptiona  of  rudder  for  long  Tessels,  the  "  equipoiaa"  or  balance  rniJder  is 
the  mosC  in  nse,  aa  its  ftdvantftges  are  great  breadth  without  any  more  increase  of 
strain  on  either  pinllei,  gudgtom  or  wheel  ropei  than  is  produced  hj  an  ordinary 
cudder  of  one,third  the  size. 
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Hardiness,  therefore,  or  the  ready  obedience  of  a  ship  to  the  will 
of  her  commander,  arises  out  of  the  due  combination  of  balance  of 
sail,  balance  of  body  and  power  of  rudder,  for  without  these  a.  vessel 
steers  wildly,  and  can  hardly  be  controlled  in  her  movements. 

When,  either  through  want  of  balance  of  sail  or  balance  of  body 
in  the  water,  the  ship  shows  a  tendency  to  fall  off  or  fiy-to,  she  is 
said  to  have  two  opposite  defects — the  first  called  leewardliness,  the 
other  called  ardeney.  These  defects  must  be  corrected  either  by  triwt 
of  sail  or  trim  of  skip.  If  not  corrected,  they  must  be  counteracted 
by  the  action  of  the  rudder;  but  as  the  rudder  is  a  sort  of  sfop-waler 
applied  on  one  side,  and  in  no  case  a  help,  speed  is  lost  in  the  degree 
in  which  the  rudder  is  used.  The  tendency  to  fly  into  the  wind,  and 
the  tendency  to  fall  off  from  the  wind,  or  ardency  and  its  opposite, 
require  remedies  of  opposite  kind.  Ardency  implies  that  the  ship 
milst  always  carry  weather  helm;  want  of  ardency,  that  she  must 
always  carry  lee  or  slack  helm.  Of  the  two  evils,  ardency  is  considered 
the  less,  and  it  is  usuaJ,  therefore,  to  trim  a  «hip  so  that  «he  shall 
always  carry  a  very  Utile  weather  helm. 

The  point  in  the  length  of  a  ship  on  both  sides  ot  wl  1  tl  e  sails 
balance  is  called  "  the  centre  of  effort  of  the  m  U  the  pomt  n  the 
water  on  both  sides  of  which,  fore  and  aft,  the  body  b  Ian  "the 
centre  of  lateral  TesiMance  of  the  ship." 

In  a  state  of  perfect  trim  of  sail  and  trim  of  ship — that  is,  when  a 
ship  is  so  perfectly  balanced  as  to  be  neither  ardent  nor  leewardly, 
requiring  neither  lee  nor  weather  helm — the  centre  of  effort  and  the 
centre  of  resistance  meet  exactly  in  the  same  point  of  the  length  of 
the  ship,*  aad  so  the  efibrt  of  sail  and  resistance  of  water,  fore  and 
aft,  exactly  counterpoise  one  another. 

s  That  is,  thej  are  esaotlj  rmir  caoli  other. 
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Unfoi-tunately,  there  are  but  few  ships  so  eonstnieted  as  that  this 
coincidence  shall  take  place  and  be  mauitained  at  all  speeds,  and  Ie 
all  states  of  wind  and  sea  and  weather. 

In  a  perfectly-fonned  "waTe-line"  vessel  the  coincidence  of  the 
two  has  been  found  to  be  exact  and  perfect;  but  by  a  very  slight 
deviation  from  this  form  the  perfection  of  this  balance  is  at  once 
deranged.  In  order  to  correct  this  want  of  adjustment,  the  centre 
of  eifort  of  the  sails  has  to  be  moved  fonvard,  and  in  certain  cases 
very  considerably  so.* 

In  every  vessel  built  on  the  old  system,  this  derangement  of  bal- 
ance had  to  be  taken  into  account  and  allowed  for  as  an  element  in 
the  original  construction  of  the  ship.  Unluckily,  it  was  sometimes 
allowed  for  by  guess  merely,  and  therefore  nothing  was  so  common 
as  to  hear  that  a  new  vessel  had  to  undergo  an  entire  change  of  ar- 
rangementsf  from  the  impossibility  of  managing  Ijer,  owing  to  the 
centres  of  effort  and  lateral  resistance  not  coinciding.  In  such  a  case 
the  usual  remedy  (if  the  error  was  slight)  was  to  raie  the  maets 
either  a  little  forward  or  a  little  aft,  in  order  to  correct  the  balance 
of  sail,  or  else  to  put  on  a  little  deadwood  forward  or  abaft,  or  to  add 
a  tapermg  false  keel — all  for  the  purpose  of  restoring  the  lost  balance; 
and  when  these  expedients  failed,  the  ma>ts,  or  some  of  them,  had  to 
be  shifted — an  arrangement  not  onlj  expensive,  but  deranging  to  a 
great  extent  the  mtenor  eeonorav  of  a  ship  of  war. 

One  of  the  great  ad\  intdses  of  the  '  wave"  system  is,  that  the 
centres  of  effort  of  sad  an  1  of  rLsistance  of  body  coincide.  It  is 
impossible  to  adjust  these  two  centres  to  a  more  perfect  balance  for 
practical  use,  so  as  to  have  a  ship  easy  to  steer,  rec|uiring  little  helm, 
quite  under  command  and  handy,  than  by  merely  takmg  care  that 
they  coincide  in  the  same  point  of  length. 

But  this  perfection  of  balance  and  handiness  is  not  to  be  obtained 
without  an  equal  perfection  of  wave  form,  since  every  deviation  from 
exact  truth  in  the  form  of  a  ship  will  exhibit  derangement  of  balance. 
In  exact  proportion  as  any  part  of  the  bow  is  filled  up  beyond  the 
pure  "  wave"  line,  the  balance  of  sail  and  of  resistance  will  be  dig- 
's The  English  lino-of-hattle.6h:p,  "  Duke  of  Wellington,"  for  examijle,  in  which  tha 
wliole  of  the  niasta  and  sails  had  to  be  placed  forward  from  tliB  true  eenlr«  of  resist- 
ance the  space  ot  U  feet. 

t  That  is,  as  regards  her  masting  and  sail  draft. 
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turbed,  and  it  will  be  necessary  either  to  correct  the  shape  of  the 
body,  or  to  remove  the  centre  of  effort  of  sail  forward,  or  to  shift  the 
centre  of  lateral  resistance  aft.  The  reasou  of  this  is  that  the  "wave" 
form  is  the  form  of  least  resistance,  the  truth  of  which  is  practiealiy 
shown  when  the  vessel  (in  deep  water)  shows  no  bow  wave  or  breaks 
no  water  at  the  bow.  Any  untruth  in  the  "  wave"  form  at  once 
shows  itself  in  broken  water  or  the  well-knoivn  wave  at  the  bow, 
which  is  bad.  The  appearance  of  this  obstacle  to  progress  shows 
exactly  where  there  is  an  expenditure  of  undue  force,  and  it  is  this 
undue  force  and  unnecessary  resistance  which  deranges  the  centre  of 
lateral  resistance  of  the  ship,  and  shifts  it  forward.  Its  tendency  to 
do  so  increases  with  the  velocity  of  the  ship.  It  is  to  meet  this  shiit 
of  pressure  and  to  counteract  it  that  the  centre  of  effort  of  the  sails 
must  follow  it  forward.  But  no  one  can  tell  precisely  beforehand 
how  much  any  deviation  from  truth  in  the  form  of  a  ship  will  remov? 
the  centre  of  resistance,  and  therefore  it  is  impossible  to  say  what 
change  in  the  centre  of  effort  may  be  required  to  correct  it.  Un- 
luckily, also,  the  deviation  arising  from  incorrect  form  varies  with 
the  speed,  so  that  the  difference  which  will  restore  the  balance  is  not 
the  same  for  all  speeds.* 

There  is  another  curious  cause  of  deviation  between  the  centres  of 
effort  and  resistance.  If  a  ship  has  a  long,  straight  middle  body, 
she  will  have  a  tendency  to  ardency,  arising  from  length  abne.f  Even 
if  the  two  ends  be  perfect  wave  ends,  a  long,  straight  middle  body 
will  have  this  tendency  to  disturb  their  balance.  Of  this  singular 
phenomenon  of  deviation  arising  from  length  of  middle  body,  an 
exact  measure'  can  scarcely  be  given ;  but  the  explanation  is  believed 
to  be  that  a  long  ship,  by  the  mere  progress  of  its  sides  through  the 
water,  drags  with  it  and  puts  into  motion,  by  adhesion  merely,  so 
great  a  quantity  of  the  water  in  its  neighborhood  that  at  the  last, 
when  near  the  stern,  the  water  has  ceased  to  offer  any  lateral  resist- 
ance, because  it  has  already  received  the  same  motion  as  the  ship 
itself.  At  the  stern,  therefore,  there  is  little  left  to  resist  the  ship ; 
and  so,  from  lack  of  stern  resistance,  the  after  part  loses  power  to 

»  No  oertainty,  therefore,  is  to  be  obtained  on  this  point,  except  bj  the  preservation 
of  the  absolute  truth  of  the  "  wave"  form. 

t  It  is  probably  un  this  account  that  many  of  the  long  viifppla  of  llie  nayy  arc  found 
unable  to  carry  anj  after  sail  without  a  great  cxoess  of  weather  helm. 
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carry  after  sail,  ajid  the  ship  becomes  ardent.  Even  wave  ends, 
therefore,  will  not  compensate  for  this  fault  of  long  middle  body. 
If  the  inquiry  be  made  as  to  what  limit  this  extends,  it  may  be  re- 
plied that,  m  a  vessel  with  60  feet  beam  and  90  feet  middle  body,  it 
has  not  been  sensible ;  but  with  similar  ends  and  100  feet  middle 
body  it  has  become  a  very  sensible  quantity.  This  deviation  from 
the  true  form,  while  it  is  attended  with  mercantile  advantages  of 
capacity  not  to  be  regarded  lightly,  must  be  taken  with  its  disad- 
vantages. 

In  order  thoroughly  to  apprehend  the  nature  of  this  fact,  suppose 
a  thin,  flat  board  moving  edgewise  through  the  water,  and  also 
pressed  sideways  by  a  force  like  the  wind  at  right  angles  to  it.  Next 
consider  what  happens  to  a  particle  of  water  placed  to  leeward  of 
this  thin  board.  When  the  board  first  touches  it,  it  has  no  leeward 
motion,  but  it  immediately  acquires  it— small  at  first,  but  gradually 
growing,  as  the  following  parts  of  the  board  successively  press  it, 
and  as  each  succeeding  part  of  the  board  finds  the  water  already  put 
in  leeivard  motion,  it  follows  that  the  latter  parts  of  ithe  board  are  in 
contact  with  particles  already  moving  so  fast  to  leeward  tliat,  unless 
they  accelerate  their  leeward  speed,  they  will  experience  no  lateral 
pressure  fitim  the  water.  Hence  two  effects  must  follow — the  after 
parts  of  the  board  will  have  less  pressure  on  tbem  than  the  fore 
parts,  and  also  the  after  parts  will  be  moving  to  leeward  faster  than 
the  fore  parts.  This  is  the  explanation  of  the  ardency  produced  by 
a  long,  parallel  middle  body. 

Another  source  of  derangement  between  the  centres  of  efibrt  and 
resistance  will  be  found  in  any  deviation  from  the  irater-line  which 
may  be  produced  in  the  change  of  shape  in  the  vessel  as  she  heela 
over  from  the  pressure  of  a  side  wind.  If  a  full  part  of  the  ship 
comes  into  the  water  on  heeling  over,  that  part  will  cause  its  own 
special  resistance,  and,  in  so  far  as  it  deviates  from  the  true  form, 
will  cause  an  excess  of  pressure  at  that  point  and  a  derangement  of 
the  centres  of  balance ;  it  will,  in  fact,  make  the  vessel  behave  as  if 
she  had  a  curved  keel,  concave  to  the  wind.  Another  reason  why 
heeling  produces  ardency  is,  that  it  forces  the  centre  of  effort  of  sail 
to  leeward,  so  as  to  make  the  masts  exert  a  horizontal  leverage  to 
bring  the  ship's  head  into  the  wind.  Apart  from  heeling,  there  is 
ako  a  small  clement  of  ardency  in  tlie  case  of  forc-aiid-aft  sails,  from 
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their  centre  of -effort  being  invariably  to  leeward.  Theoretically,  the 
bellying  of  square  sails  should  tend  in  the  same  direction,  but  it  is 
believed  that  this  cause  is  not  appreciable  in  practice. 

There  is  another  cause  of  deviation  which  must  take  effect  in  all 
vessels  of  whatever  form,  but  its  action  is  slight,  and  is  not,  except 
in  the  case  of  very  great  length  of  middle  body,  of  sufficient  conse- 
quence to  ranic  as  an  element  in  the  adjustment  of  the  centres ;  it  is 
the  resistance  of  the  adhesive  film  of  water  on  the  skin  of  every  ship. 
This  adhesive  film  is  scarcely  a  visible  thieknesB  at  the  bow;  it  in- 
creases uniformly  with  the  distance  from  the  bow  toward  the  stern, 
where  it  is  greatest ;  the  film  seems  to  grow  as  it  goes  by  attaching 
to  itself  another  and  another  outside  film  on  each  foot  of  progress, 
and,  all  added  together,  the  entire  film  has  the  thickness  of  a  foot  or 
more  on  each  side  at  the  stem.  This  may  diminish  the  lateral  resist- 
ance, but  it  seems  just  enough  to  give  the  vessel  that  degree  of 
ardency  which  is  preferable  to  the  smallest  degree  of  the  opposite 
quality,  and  when  no  other  source  of  derangement  than  this  remains, 
the  naval  architect  may  congratulate  himself  on  having  completed 
that  part  of  his  business  satlsfectorily.  One  other  source  of  disturb- 
ance will  always  remain,  which  he  can  neither  foresee  nor  prevent: 
the  winds  and  the  waves  will  always  act  irregularly  on  the  ship.  But 
when  he  has  done  the  preceding  parts  of  his  work  well,  he  will  leave 
the  mind  of  the  helmsman  and  the  action  of  the  rudder  perfectly  dis- 
engaged from  all  unnecessary  work,  and  free  to  be  disposed  of  in  that 
cautious,  ready  and  prompt  counteraction  of  the  winds  and  the  waves 
which  is  the  business  of  the  thoughtful  and  the  watchful  seaman. 

It  is  the  duty  of  the  constructor  to  make  an  exact  calculation  on 
the  body  of  his  ship,  so  that  when  loaded  in  the  water  to  its  proper 
line,  the  lateral  resistance  to  leeway  shall  be  found  at  its  proper  point 
in  the  length  of  the  ship.  This  central  balancing  point,  or  "  centre 
of  lateral  resistance,"  should  be  a  little  ahaft  the  centre  of  the  ship. 

His  next  duty  is  to  make  an  exact  calculation  of  the  sails  of  his 
ship,  so  that  the  pressure  of  the  wind  upon  all  the  sails  may  have  its 
central  balancing  point  rightly  placed  in  reference  to  the  centre  of 
resistance  of  the  ship.  This  "  centre  of  effort  of  sail"  should  be  so 
adjusted  as  neither  to  be  too  near  the  bow  nor  too  far  from  it.  In 
"wave" -line  vessels  it  is  necessary  to  place  the  centre  of  lateral  re- 
sistance of  ship  and  the  centre  of  effort  of  sail  precisely  the  one  over 
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the  other ;  but  in  the  forms  of  ordinary  sailing  vessels  it  is  found 
necessary  to  have  the  centre  of  resistance  a  little  abaft  the  middle  of 
the  ship,  and  the  centre  of  effort  of  sail  a  little  Jorumrd  of  the  middle. 
To  bring  the  centre  of  resistance  aft,  a  ship  is  generally  ti'immcd  two 
feet  by  the  stern;  and  to  carry  the  centre  of  effort  forward,  additional 
sail,  beyond  the  quantity  proper  for  a  vessel  on  an  even  keel,  is  car- 
ried on  the  bowsprit.  By  these  means  a  distance  of  about  one-twen- 
tieth part  of  the  length  of  the  ship  may  be  placed  between  these  hvo 
centres ;  and  in  most  ships  this  is  sufficient  for  the  purpose.  Table 
VIII.  shows  the  distance  to  which  trimming  the  ship  by  the  st«m 
wUl  shift  the  centre  of  resistance  backward. 

But,  however  exactly  the  naval  architect  may  have  designed  the 
ship,  the  ta-imming  of  the  sails  and  of  the  ship  must  remain  essen- 
tially a  part  of  the  seaman's  duty,  because  the  trim  of  the  ship  is 
chiefly  a  question  of  stowage  of  cargo  or  disposition  of  weights,  and 
as  this  is  always  varying  in  a  steamship,  and  can  always  be  Dl  or 
well  done  in  a,  sailing  vessel,  the  original  constructor  of  a  ship,  how- 
ever wise,  can  never  dispense  with  the  watchfulness  and  judgment  of 
the  commander  of  the  vessel.* 

There  is  another  cause  for  constant  watchfulness  as  to  trim,  in  the 
fact  that  most  ships  shift  their  centre  of  lateral  resistance /orwarii  as 
their  speed  increases,  and  therefore  require  after  sail  to  be  diminished 
as  the  wind  rises.  Thej?rs(  duty,  therefore,  of  an  officer  in  command 
of  a  /lew;  ship,  or  one  starting  on  a  fresh  trim,  is  to  determine  the 
proper  balance  of  ship  and  sail. 

He  should  shift  weights  forward  and  aft  until  he  finds  the  trim 
which  will  enable  him  to  carry  the  proper  sails ;  and  having  done 
this,  should  carefully  study  how  the  quantity  of  sail  must  be  adjusted 
in  the  various  degrees  of  strength  of  wind,  so  as  to  measure  this 
balance.  It  is  in  this  way  that  a  skillful  commander  will  often  make 
a  ship  fast  by  trim  alone,  whereas  an  ignorant  one  will  fail  to  find 
out  the  good  points  in  a  ship,  because  he  does  not  syslematieally  look 
for  them  by  studying  her  performance  under  every  variety  of  trim  at 
his  command.  In  this  way  the  commander,  even  more  than  the  con- 
structor, makes  the  character  of  the  ship. 

The  sum  of  what  is  known  in  regard  to  balance  of  body  and 
balance  of  sail  and  trim,  is  therefore  as  follows : 

•  And  the  commander  should  thoronghlj  understand  the  design  of  the  conatructor. 
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The  middle  of  the  length  of  a  ship  is  the  balance  point  or  ccatre  of 
lateral  resistance,  if  she  be  nearly  at  rest,  driftiEg  to  leeward,  and  on 
an  even  keel  with  upright  stem  and  stem-post. 

Trim  of  ship  by  the  stern  shifts  the  centre  of  lateral  resistance  from 
the  middle  toward  the  stern.  An  inch  of  trim  to  afoot  of  draft  shifts 
the  centre  of  lateral  resistance  abaft  the  middle  by  OQH-one-hundred- 
and-forty-fourtk  part  of  the  length  of  the  ship.  Or  the  excess  aft, 
represented  by  a  fraction  of  the  draft  amidships  (say  one-gixth),  mul- 
tiplied by  one-tweljlh  of  the  ship's  length,  gives  the  shift  abaft  caused 
by  trim.  Raking  the  atem^ost  and  rounding  the  stem  also  shifts  the 
centre  of  lateral  resistance  forward  or  aft. 

Raking  the  stem-post  shifts  this  centre  forward  one-quarter  o£  the 
rake.  Rounding  the  stem,  so  as  to  make  it  a  quarter  of  a  circle, 
shifts  the  centre  aft  by  about  one-tenth  of  the  draft  at  the  stem. 

In  ordinary-shaped  ships  these  last  counteract  each  other,  and  if 
the  draft  fore  and  aft  be  nearly  equal,  the  centre  of  lateral  resistance 
at  rest  is  in  the  middle  of  the  length. 

To  iind  what  amount  of  trun  will  balance  a  given  amount  of  rake 
of  stern-post,  the  following  approximate  formula  may  be  used: 


Trim        „    .         Draft  Amidships 

—-—  =  3  times ^ —^- 

Kake  Length 

refer  to  the  following  table,  calculated  from  the  formula : 

TABLE  vni.' 
Sake  of  Stem-post  required  to  Balance  a  given  Trim  oi 
Difference  of  Draft  Forward  and  Aft. 


EiKE    OF    erEBN-PoST 

ImhfB  of  difference 

fooU-'fSrJftS 

In  inahf*  to  every 

ehLp.. 

foc.ofth.le.,tl, 

IQ  frEctions  of  Irrgth. 

I,ec;..,^f.=..,™ 

0,5 

.17 
.33 

t 

0,01389 
0.02778 
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.50 

^T 

0.041  R7 

2. 

.07 

t 

0.05556 

2.5 

.83 

A 

0.06944 

3, 

1. 

s 

0.0S333 

3.5 

1.17 

^ 

0.09722 

4. 

1.33 

1 

0.11  111 

4.5 

1.50 

0.12500 

5. 

1.67 

0.13SS9 

5.5 

1.83 

6. 

2. 

\ 

o!l6667 
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The  statical  resistance  of  a  thin  plate,  floating  vertically,  to  lateral 
motion,  is  at  its  centre  of  pressure,  not  at  its  centre  of  gravity.  But 
there  is  less  practical  error  in  calculating  by  means  of  the  latter,  for 
several  reasons ;  one  being  that,  when  lateral  motion  has  once  begun, 
the  water  is  heaped  up  in  front  of  the  plate,  while  a  hollow  is  formed 
behind  it.  This  creates  a  resistance  at  the  surface  which  more  than 
compensates  for  the  increased  pressure  of  greater  depths.  In  rapid 
motion  the  centre  of  lateral  resistance  is  found  in  practice  to  be  con- 
siderably above  the  centre  of  gravity  of  the  longitudinal  section, 
instead  of  below  It,  as  is  the  centre  of  hydrostatic  pressure. 

But  the  centre  of  lateral  resistance  of  a  ship  with  a  full  bow  and 
water-line  is  shifted  forward  from  the  moment  she  has  speed,  because 
the  resistance  on  the  lee  bow  is  greater  than  on  the  weather  bow,  and 
because  t!ie  resistance  to  a  bow  in  ruotion  is  much  greater  than  to 
the  stern.  The  leeward  motion  also  makes  the  resistance  tall  more 
directly  on  the  bow  than  on  the  stem ;  and  hence  such  vessels,  as 
they  increase  their  speed,  experience  increasing  pressure  on  the  bow 
as  they  heel  over,  thus  driving  it  up  into  the  wind  and  allowing  the 
stem  to  drift  to  leeward. 

This  disturbance  in  balance  of  the  lateral  resistance  of  the  body 
has  to  be  met  in  two  ways.  The  ship  has  to  be  trimmed  by  the  stem, 
which  helps  to  bring  back  the  centre  of  lateral  resistance  to  the 
middla  Or  it  may  be  met  by  carrying  more  sail  forward  to  coun- 
teract this  effect. 

The  shifting  of  the  centre  of  effort  of  all  the  sails  forward  is  the 
mode  of  correcting  this  disturbance  most  employed  by  naval  archi- 
tects; but  as  it  is  not  possible  to  make  this  adjustment  absolute 
beforehand,  each  form  of  ship  has  its  own  peculiarity  in  this  respect. 
One  ship  will  balance  her  sail  with  its  centre  exactly  on  the  middle 
of  the  load  water-line,  another  will  carry  it  one-tenth  of  her  length 
forward  of  the  middle.  As  a  general  mle,  any  vessel  having  her 
bow  water-lines  convex  may  be  expected  to  carry  her  balance  point 
of  ship  to  balance  point  of  sail — whether  going  free  or  on  the  wind — 
one-twentieih  part  of  her  length  before  the  middle,  reckoned  on  the 
water-line  and  nearly  on  an  even  keel.  If  the  centre  of  the  longitu- 
dinal vertical  plane  be  made  out  of  the  middle  of  the  length,  the 
centre  of  effort  must  follow  it. 
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A  FINE,  fast  frigate  in  a  ten-knot  breeze  can  carry  36,  square  feet 
of  sail  for  e^h  square  foot  of  area  of  midship  section,  aad  be  the 
better  for  it;  if  she  carried  more,  she  might  be  pressed  over  so  much 
as  to  go  slower;  hence  it  has  been  common  to  provide  a  sail  area  of 
36  square  feet  of  canvas  for  on^  square  foot  of  midship  section.* 
This  proportion  can  be  considerably  exceeded  by  yaehts  and  despatch 
vessels,  even  up  to  100  square  feet;  but  such  vessels  are  mere  sailing 
phenomena,  Nevertheless,  for  light  winds  all  vessels  carry  a  great 
quantity  of  light  sail  beyond  their  proportion  of  regular  working 
sail. 

If  a  sail  area  is  assumed  in  the  proportion  of  36  square  feet  to  one 
square  foot  of  midship  section,  it  is  merely  saying  how  much  canvas 
the  ship  should  have  in  order  to  drive  her.  Whether  she  will  be  able 
to  stand  up  under  it,  and  whether  under  it  she  will  prove  leewardly 
or  weatterly,  are  other  questions — ijuestions  of  stability  and  balance 
of  sail.  All  ships  tend,  under  a  side  wind,  to  drift  to  leeward ;  the 
only  preventive  to  this  being  the  extent  of  the  immersed  longitudinal 
section,  which  offers  resistance  throughout  the  whole  of  the  length 
and  depth  of  the  ship  in  the  water.  The  dimensions  and  shape  of 
this  section  determine  the  arrangement  and  balance  of  the  sail,  while 
a  ship  should  be  sufficiently  weatherly  to  carry  an  area  of  sail,  fore 
and  aft,  not  less  than  six  times  the  area  of  this  under-water  longitudi- 
nal section.  ' 

As  a  first  step  to  the  consideration  of  the  distribution  and  balance 
of  sail,  draw  this  section  of  the  vessel  under  its  proper  water-line, 
and  copy  it  by  drawing  above  it  a  similar  section  six  times  as  high  ; 

*Thi3  proportion  refers  to  "plain  sail"  only,  nnd  does  not  inolude  " staddhig 
laih,"  ete. 
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this  call  the  equivalent-sail  area,  since  it  shows,  without  regard  to 
the  tind  of  vessel,  the  quantity  and  disposition  of  sail  which  she 
may  carry,  and,  in  short,  is  what  the  sails  might  be,  or  ivould  be,  if 
she  could  conveniently  carry  them  all  in  one. 

Indeed,  a  vessel  with  one  sail  is  perhaps  more  effective  than  with 
any  other  number ;  but  the  larger  the  vessel,  the  more  must  her  sails 
be  subdivided  for  convenience  of  handling.  There  is  also  a  limit  to 
the  size  at  which  sails  can  be  made  strong  enough  and  stretched  flat. 

If  the  vessel  were  so  small  that  she  could  cany  the  whole  in  one 
sail,  she  would  be  what  is  commonly  termed  "a  lugger,"  and  the  sail 
"'a  lug  sail."  It  is  to  be  remarked  that  the  centre  of  effort  of  the 
wind  on  this  sail  will  be  precisely  over  the  centre  of  resistance  of  the 
longitudinal  section  in  the  water,  and  so  there  will  be  a  perfect  bal- 
ance of  sail. 

If  the  vessel  be  too  large  to  enable  the  sail  to  be  carried  in  one,  it 
may  be  carried  in  two,  without  much  alteration  in  shape,  and  such  a 
vessel  will  be  the  common  lugger  with  two  masts. 

In  like  manner  the  sail  may  be  divided  into  three,  and  hung  on 
three  masts ;  then  the  vessel  will  be  a  three-mast«d  lugger. 

Thus  it  is  plain  that  this  equivalent  sail  may  be  obtained  indiffer- 
ently by  one,  two  or  three  sails,  on  one,  two  or  three  masts,  as  a 
matter  of  convenience  merely,  and  that  perfect  freedom  to  make  any 
decision  as  to  distribution  is  given,  provided  only  that  the  place  and 
size  of  the  sail,  and  therefore  the  balance,  are  maintained. 

In  light  winds  it  may  be  desirable  to  carry  additional  sail.  All 
that  it  is  necessary  to  observe  is,  that  the  additional  sails  be  so  placed 
and  proportioned  as  not  to  disturb  the  original  balance. 

By  means  of  the  bowsprit,  the  sail  may  be  carried  forward  until  it 
ends  in  a  point,  taking  care,  however,  to  extend  the  sail  backward 
also  sufficiently  far  to  offset  the  addition  in  front,  otherwise  the  wind 
will  tend  to  make  the  vessel  sheer  round,  and  the  balance  will  be  de- 
stroyed. The  whole  sail  will  thus  become  one  large  triangle.  This  form 
is  extremely  convenient  for  vessels  carrying  fore-and-att  sail ;  but  these 
additional  sails  fore  and  aft  may  be,  and  indeed  are,  mere  patches, 
to  be  used  simply  as  balancing  or  directing  sails,  to  steady  the 
vessel,  without  any  regard  to  their  propelling  power  Such  a  trian- 
gular sail  is  sometimes  carried  by  a  single  mast  and  sometimes 
divided,  in  the  same  manner  as  lug  sails;  and  it  is  cuiiou-  to  obiene 
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how  differently  the  whims  of  sailora  may  be  indulged  as  to  the  mode 
of  supporting  and  carrying  these  s-ails — the  bingle  sail  being  equally 
well  carried  by  an  upright  mas>t  in  the  centre  of  the  ye?fel,  by  a  nia&t 
in  the  bow  raking  violently  aft,  and  by  a  mast  aft  raking  a**  ex- 
tremely forward,  the  one  condition  being  fulfilled  of  leaving  the 
balance  of  sail  unchanged. 

As  all  triangles  on  the  eame  base,  having  the  same  lieight,  have  the 
eame  area,  when  once  a  triangular  area  of  sail*  is  obtained,  it  may 
lie  change^  in  shape  at  pleasure,  provided  the  same  height  is  main- 
tained. It  is  to  be  observed,  however,  that,  as  the  shape  of  the  tri- 
angle is  changed,  the  place  of  eifort  of  the  sail  is  shifted  with  it. 
For  instance,  two  triangular  sails  may  Lave  equal  areas,  but  their 
centres  of  effort  may  be  in  different  lines  perpendicular  to  the  base, 
owing  to  their  change  of  shape. 

The  balance  of  sail  will  be  destroyed  if,  in  dividing  the  sail  area, 
care  is  not  taken  to  see  that,  in  any  new  distribution  made,  the  place 
of  the  centre  of  effort  is  not  shifted  by  that  distribution.  Not  only 
must  the  portions  cut  off  from  one  part  of  the  sail  area  be  supplied 
in  quantity  by  another,  but  care  must  be  taken  that  in  their  new 
positions  the  new  parts  do  not  gain  or  lose  power  of  balance — power 
.of  balance  being  effectual  distance.  The  designer  must  therefore 
know  how  to  calculate  the  exact  effect  of  sails  placed  at  different 


To  calculate  the  balance  of  sail,  there  are  two  simple  and  conve- 
nient principles. 

A  triangular  sail  has  its  centre  of  effort  in  the  line  which  joins 
any  of  its  comers  to  the  middle  of  the  opposite  side,  and  is  nearer  to 
the  side  than  the  corner  in  the  proportion  of  1  to  2 ;  so  that,  by 
dividing  the  line  into  three  equal  parts,  and  marking  the  division 
which  lies  nearest  the  side,  you  mark  the  centre  of  effort  of  the  sail ; 
or  it  may  be  found  by  drawing  lines  from  two  comers  to  the  middle 
point  of  the  opposite  sides ;  where  these  lines  intersect  is  the  centre 
of  effort. 

Now  it  fortunately  happens  that  the  shapes  of  all  sails,  if  not 
triangles,  can  be  divided  into  triangles  merely  by  drawing  a  line 
through  two  opposite  comers ;  each  part  of  the  swl  can  thus  have  its 
centre  of  effort  separately  found. 

«  Usually  known  as  the  "eciuiTaleQl  triangle." 
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Having  thus  found  the  centres  of  effort  of  all  the  sails,  or  of  their 
separate  parts,  the  next  que&tion  in  ouler  i"^ :  How  find  the  joint  effort 
or  effect  of  any  pair,  or  any  number  of  triangular  saih,  or  parts 
of  sails?  This  is  done  by  the  principle  of  balance;  for,  in  order 
that  two  equal  tails  may  balance,  they  must  be  at  equal  distances 
from  the  point  round  which  they  are  intended  to  balance,  otherwise 
the  one  at  the  greatest  will  sway  the  other;  hence  equal  pails  will 
only  balance  at  equal  di'^tances.  The  equal  distances  are  to  be 
reckoned  from  the  centres  of  gravity  of  the  respective,  sails ;  if, 
therefore,  there  are  only  two  equal  sails  to  the  vessel,  the  balance  is 
easy,  for  it  is  only  necessary  to  place  their  centres  equi-distant  from 
the  balance  point  in  the  ship,  and  the  sails  will  balance.  The  joint 
centre  of  effort  of  two  equal  =!ails  therefore  lies  in  the  line  of,  and 
half-way  between,  their  respective  centres  of  effort. 

But  it  may  be  a  pair  of  unequal  sails,  and  unequal  in  any  projior- 
tion,  say  2  to  3.  The  way  to  balance  them  is  to  give  the  small  sail 
the  longer  end  of  the  balance,  and  to  give  the  longer  end  the  same 
preponderance  in  length  over  the  shorter  that  the  larger  sail  has 
over  the  smaller ;  thus  the  longer  distance,  combined  with  the  smaller 
area  of  sail,  balances  the  larger  area  combined  with  the  shorter  dis- 
tance. To  see  that  they  are  equal,  it  is  only  necessary  to  multiply 
the  areas  by  their  respective  distances  from  the  centre :  when  these 
products  are  equal  the  balance  sought  for  is  obtained. 

Suppose,  on  this  principle,  it  is  required  to  find  the  centre  of  effort 
of  a  sail  composed  of  two  triangular  parts.  Find  the  centre  of  effort 
of  each  part  (by  the  method  before  given),  join  these  centres  by  a 
line,  divide  this  whole  line  into  as  many  equal  parts  as  there  are  square 
fathmna*  of  area  in  the  whole  sail,  give  to  the  lesser  triangle  a  greater 
number  of  these  parts  and  to  the  greater  triangle  a  less  number,  in 
the  inverse  proportion  of  the  areas ;  the  point  of  division  is  the 
joint  centre  of  effort  of  the  sail. 

If  now  there  were  a  number  of  sails,  some  on  one  side  and  some  on 
the  other  of  an  intended  balance  point,  and  the  question  were  asked, 
whether  they  balance,  it  would  be  necessary  to  multiply  the  areas  of 
all  the  sails  by  their  distance  from  the  balance  point ;  and  if  the  sum 
of  the  products  on  the  one  side  were  equal  to  the  sum  of  the  pro- 

•  SiiuEira  yards  or  siinare  feet  maj  also  be  used,  but  the  number  of  divisions  might 
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ducfs  oa  tte  other  side,  there  would  be  a  balance.  To  obtain  a 
balance,  therefore,  it  is  only  necessary  to  contrive  that  the  sums 
of  the  products  of  the  sail  areas  on  opposite  sides  by  their  distances 
from  the  balance  points  (or  their  moment!))  shall  be  equal. 

It  is  plain,  then,  that  to  bring  about  a  balance  where  it  does  not 
exist,  it  is  necessary  either  to  substitute  a  larger  sail  on  the  want^ 
ing  side  for  a  smaller  one,  or  to  shift  the  place  of  sail  nearer  to  or 
farther  away  from  the  centre  as  required,  A  ship  whose  sails  are  ill 
balanced  may  have  the  defect  corrected  in  practice  by  setting  differ- 
ent quantities  of  forward  or  after  sail,  or  the  defect  may  be  rectified 
on  a  larger  scale  by  shifting  the  place  of  the  masts,  or  in  a  smaller 
degree  by  causing  a  mast  to  rake  more  or  less  forward  or  aft.  Where 
these  remedies  may  be  inconvenient  or  impossible,  the  centre  of  re- 
sistanoe  of  the  body  of  the  ship  may  be  shifted  toward  the  centre  of 
effort  of  the  sail  by  trimming  the  vessel  a  little  more  forward  or  aft, 
as  it  is  plain  that  trimming  by  Uie  stem  will  bring  it  oft,  and  trimming 
by  Ike  head  will  bring  it  forward. 

It  is  now  necessary  to  establish  proportions,  according  to  which  the 
masts  and  sails  of  a  ship  may  be  divided  and  distributed.  Take  for 
this  purpose  a  vessel  with  three  masts,  and  suppose  her  to  be  of  the 
"wave"  form,  to  be  on  an  even  keel,  her  length  to  be  divided  into  ten 
equal  parts,  and  her  bowsprit  to  extend  so  as  to  bring  the  centre  of 
the  jib  5.41  of  such  tenth  parts  beyond  the  stem,  the  extremity  of  the 
epanker  being  one-tenth  part  beyond  the  stern.  For  the  distribution 
of  sail  make  the  following  division ; 

Divide  the  sail  area  into  24  equal  parts :  7.071  of  these  are  for  the 
foremast:  10  for  the  mainmast;  1.65  for  the  spanker;  3.35  for  the 
other  sails  on  the  mizzenrmaM;  and  the  remainder,  or  1.929,  for 
the  jib. 

The  place  of  the  mizzen-mast  is  one-tenth  from  the  stem,  of  the 
foremast  two-tenths  from  the  bow,  and  of  the  mainmast  three-tenths 
from  the  mizzen-mast,  or  one-tenth  from  the  middle,  leaving  four- 
tenths  between  the  fore  and  main  masts. 

Beckoning  from  the  centre  of  lateral  resistance  of  the  vessel,  which, 
on  an  even  keel,  is  the  middle  of  her  length,  we  have  the  following 
arrangements : 
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Spanker 1.65    X  5-      =    8.25 

Mizzen 3.35     X  4.       =  13.40 

Main 10.         X  1.  ■    =  10. 

ai.65    a/to 

Fore 7.071  X  3.      =  21.213 

Jib 1.929  X  5-41  =  10.436 

Total 24.  31.649  /ore  uioraents. 

The  explanatioa  of  the  above  ia  simple ;  the  five  parts  which  form 
the  sails  oa  the  mizzen  consist  of  3.35  of  the  square  or  upper  sails, 
and  the  other  1.65  of  the  spanker,  Tfhich  spanker  has  its  centre  of 
effort  one  division  farther  aft  than  the  upper  sails :  the  parts  which 
form  the  upper  sails  are  tlierefore  multiplied  hy  4,  and  give  an  effect 
of  13.40 ;  while  the  parts  which  form  the  spanker  act  at  a  distance  of 
5,  and  give  an  effect  of  8.25. 

The  ten  parts  which  form  the  sail  area  of  the  mainmast  are  only 
at  one  division  from  the  centre,  and  give  an  effect  of  10 ;  therefore 
tha  total  effect  of  the  after  sails  is  represented  by  31.65. 

In  the  same  manner  the  moment  of  the  sails  forward  is  found  to 
be  as  given  above,  31.649, 

This  gives  the  balance  of  sail  required ;  and  it  may  be  observed 
that  the  jib  has  more  absolute  effect  on  this  balance  than  all  the 
sail  on  the  mainmast,  while  the  mizzen,  though  comparatively 
small,  actually  balances  the  fore.  It  may  also  be  observed  that  the 
jib  may  be  made  to  balance  exactly  the  upper  sails  on  the  mizzen- 
mast. 

It  will  thus  be  seen  that  the  total  moments  of  the  sails  forward  are 
represented  by  31.649,  the  total  moments  of  those  abaft  by  81.65,  and 
the  total  number  of  component  parts  of  sail  by  24. 

It  now  remains  to  be  considered  how  to  proportion  the  various 
sails  on  these  different  masts.* 

1st.  Of  the  5  parts  of  sail  on  the  mizzen,  1,65  go  to  the  spanker, 
and  the  remainder  is  divided  between  topsail,  top-gallant  sail  and 
royal  in  the  following  proportion :  Mizzen  topsail,  1.518 ;  mizzen 
top-gallant  saQ,  1.073  ;  and  mizzen  royal,  0,759, 

»  These  proportions,  it  must  he  observed,  are  for  veaaela  conjtruefea  on  tha  "wave" 
pi'ineiplc,  but  nil]  answer  weU  for  most  of  the  sharp  vessels  of  Ihe  day. 
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2d.  Of  the  10  parts  of  sail  which  go  to  the  mainmast,  3.3  form 
the  course,  3.035  the  topsail,  2.147  the  top-gallant  sail,  and  1.518 
the  royal. 

3d.  Of  the  7  071  which  go  to  the  foremast,  2.333  form  the  course, 
2.147  the  till  a'l   1  518  the  top  gillant  sail,  1.073  the  royal. 

Or  condense  1  in  tabular  form  as  follows: 

Masts.  la 

r  =lpinker  1  S'i    X  5       =8 

Mizen....jT«l^'  1513X-1       =6 

j  Top-eallanl  ga  I  1  073  X  4      =4 


0   59X4 

(■Oure  33      XI 

J  Top     i  3035X1 

"   1  Topgallant  sail  2147  X  1 

V,  Eoyal  1  518  X  1 

r  Cgur»e  2  333  X  3 

J  T  psa  1  147  X  3 

"   )  Top  gallant  sail  1  518  X  3 

l  Eo  al  1  073  X  3 

Jib*  1929X5.41  =  10.436 


3.3     -| 

3.035  Kg 

2.147  ( 

1.518  J 

6.999  ■)  "> 

«■«;  121.213 

i5o4  1  }  31.6^ 

3.219  J 


But  there  i«  a  third  que  ti  n  to  solve,  for  though  the  proportton 
of  sail  on  each  miat  lud  the  proportion  of  area  of  each  sail  have 
been  obt-uneJ  there  remains  t»  be  found  the  proportionate  dimen- 
sions (jf  the  ma^ts  which  may  enable  them  to  carry  their  respective 
sails. 

In  a  three  miste  1  ship  it  is  necessary,  both  for  symmetry  of  ap- 
pearance an  1  for  balance  of  till  that  the  proportion  of  sail  on  each 
mast  should  be  tolerably  similar,  and  tliat  the  sizes  of  masts  and 
spars  should  bear  a  due  proportion  to  each  other  throughout. 

The  following  proportion  of  sails  will  accomplish  all  this.  As- 
suming that  each  mast  has  four  sails,  all  similar,  then  from  the  pro- 
portion before  given,  namely : 


Areas  iif  tail , 

Being  in  tlie  proportion  of... 


In  order  to  make  up  this  proportion  it  is  only  necessary  that  all 
the  sails  on  the  three  masts  should  be  in,  as  nearly  as  possible,  the 
following  proportion ; 

5  7.071  :o 

•  The  term  "jib"  m^y  be  used  in  the  aenaa  ot  all  the  sails  on  the  Jisi^d-booms. 


Hosted  by  Google 


THE   PROPOETION,    BALANCE, 


ETC.,    OF   SAIL.       113 


The  sails  on  all  the  masts  will  have  the  proportion  required — 
1  1.4143  2 

For  example,  when  the  cross-jacb  yard  has  for  its  breadth  of  sail 
50  feet,  then  the  fore  yard  should  have  70.71  feet,  and  the  main  yard 
100  feet,  or  in  that  proportion. 

The  corresponding  topsail  yards  should  be  in  the  same  proportion, 
namely : 

Miizfii.  Tore.  Main. 

Topsail  jard 35.35  50  70.71 

Top-gallfljit  yards 25  3-5.35  50 

Eoyal  yards 17.67  25  35.35 

It  is  obvious,  also,  that  the  lengths  of  those  parts  of  the  masts 
and  spars  which  carry  sail  should  bear  to  one  another  the  similar 
ratio  of 

Minicn,  Tote.  Main. 

5  7.071  10 

Or 1  1.4142  2 

With  these  general  jJroportions  in  a  icw,  piOLeed  to  complete  the 
arrangement  of  sail  on  a  given  ship,  '^}  of  550  tons  buiden,  whose 
length  on  the  water-line  is  150  feet,  and  diaft  on  m  even  keel  16 
feet  8  inches.  Taking  six  times  the  draft  of  water,  or  100  feet,  this 
gives  the  height  of  the  equivalent  «ail  area  100  feet,  which,  by  a 
length  of  150  feet,  gives  a  total  sail  area  of 

150  X  100  =  15,000  feet  area. 

Fini — io  place  the  masts,  divide  the  length  of  water-line  into  10 
equal  parts : 

Distance  of  the  miiien-mast  from  aft =  .1  of  150  =  15  feet. 

"  "        foremast  from  forward...  =  .2  of  150  =  30    " 

"       mainmast  from  mizzen...  =  .3  of  150  =  45    " 

"  "        mainmast  from  foremast  =:  .4  of  150  =  60    " 

150    " 

Second — to  proportion  the  mU  area  on  each  mast : 

Miizen,five-tweiit)'-fonrtlisofl5,000=    5         X  625  =  3125. 

Tore =■   7.071X625  =  4416.375 

Mun - =10         X  625  =  6250. 

Jib =1.929    X  625  =  1205.625 

15000. 
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Third.  To  proportion  the  sails  on  each  mast : 


J  Topsail 
I  Tnji  gallant  Hail 
I  Enyal 
(  Cour<e 
J  Topsail 
I  Top  p;illaDt  Hill 
L  KoTil 

Cour-ie 

Topsail 

Top  giUaiit  sail 

Eoial 

Jib 


Or  in  other  words— 


1  65    X  625  =  1031.25 

1  518  X  625  =  943.75 
1 073  X  625  =  670.62O 
0759X625=  474.375 
2333X625  =  1458.125 

2  147  X  625  =  1341.875 
1  518  X  625  —   648.75 
1073X625=    670.625. 
33      X  625  =  2062.5 

8  035  X  625  =  1896.S75 

2117  X  625  =  1341.875 

1  518  X  625  =    948.75 

=  1205.625 


Or  in  the  proportion  of... 


Or  in  the  proportion  of. 1, 


ip-gallant  Bail.     Top-Enllanteai 

1.073  1.518 

..  1.  1.4142 


Or 


r  in  the  proportion  of 

r  in  the  proportion  of 
Fore 

the  proportion  of 


1.4142       ] 

2.U7       1 

1.4142       I 

1.518       1 

1.4142       1 

Now  to  get  the  length  of  the  yards  The  lower  yarda  are  at  once 
found  by  taking  the  sqaate  root  ot  twicp  the  area  of  the  courses,  and 
for  the  mizzen-mast,  13  the  area  of  the  spanker  is  the  same  as  that 
of  a  course,*  it  there  had  been  one  for  the  cross-jack  yard,  the  square 
root  of  twice  the  area  of  the  spanker  must  be  taken. 

»  This  mBans  "cross-jack,"  a  sail  Beldotn  used  cscept  in  the  merchant  Eervice. 
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From  this  ia  found  . 

The  length  of  the  Iluin  yard 64.23,  or  in  Ihe  proportion  of  R 

"  "      F<7re  yard. 54.  "  '■  0.8409 

"  "       Cross-jack  yard....  45.41  '■  "  0.7071 

These  proportions  give  the  length  of  yards  and  hoist  of  sail ;  for 
multiplying  the  length  of  the  main  yard  by  0.8409,  we  get  tlie  length 
of  iii&  fore  yard  and  main  UypsaUyard;  by  multiplying  the  length  of 
the  fore  yard  or  main  topsail  yard  by  0.8409,  we  get  the  length  of 
the  crosa^jack  yard,  fore  topsail  yard  and  main  top-gallant  yard,  and  so 
on,  always  excluding  "yard  arm."  These  same  proportions  answer 
for  the  hoist  of  sail ;  or  in  other  words,  half  the  length  of  the  main 
yard  is  the  hoist  of  the  mairt  topsail;  half  the  length  of  the  main  top- 
sail yard  is  the  hoist  of  the  main  top-gallant  sail;. half  the  length  of 
the  main  top-gallant  yard  is  the  hoist  of  the  main  royal. 

It  will  thus  be  seen  that  by  this  arrangement  there  is  one  yard  of 
the  length  of  the  main  yard,  two  yards  of  the  length  of  the  main 
topsail  yard,  three  yards  of  the  length  of  the  main  top-gallant  yard, 
three  yards  of  the  length  of  the  main  royal  yard,  two  yards  of  the 
length  of  the  fore  royal  yard,  and  one  yard  of  the  length  of  the 
mizzen  royal  yard.*  Working  the  above  quantities  out  for  the  vessel 
whose  areas  of  sail  have  been  calculated,  there  results  for  the 
length  of 


Main  yard_ =  64.23 

Topsail  yard =  54. 

Top-gallant  yard  ^  45.41 
Boyal  yartL =  38.18 


Fore  yard =54. 

Topsail  yard....„  =  45.41 
Top-gallant  yard  —  38.18 
Eoyalyard =  32.41 


Crqes-jack  yard..  ^  45.41 

Topsail  yard =  38.18 

Topgallant  yard  =  32.41 
Eoyal  yard =  27.26 


And  when,  with  these  figures,  the  areas  of  the  different  upper  sails 
are  calculated,  it  will  be  seen  that  the  quantities  found  in  this 
manner,  and  the  quantities  found  in  the  first  manner,  agree  with 
great  precision. 

It  is  plain  that  with  the  foregoing  arrangement  a  perfect  balance  is 
obtiuned;  that  is,  the  centre  of  effort'of  sail  falls  exacily  in  the  same 
perpendicular  with  the  centre  of  lateral  remtance.  Now  in  some 
ships  it  is  preferable  to  have  the  centre  of  effort  some  distance  for- 

•  It  Ttill  be  obaeired  bj  naval  officers  that  these  proportions  are  somewiiftt  different 
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ward  of  the  centre  of  lateral  resistance,  and  this  is  easily  accom- 
plished by  means  of  the  jib. 

The  centre  of  fee  jib  in  the  foregoing  calculations  was  situated  at 
5.41  from  the  centre  or  middle  division.  Now,  by  merely  shifting 
its  centre  to  six  divisions  from  this  middle,  which  in  the  vessel  of 
150  feet  length,  would  be  90  feet,  the  centre  of  effort  would  be 
brought  forward  5  feet.  This  may  seem  difficult  to  do,  as  the 
masts  are  fixed  and  the  jib-stay  cannot  be  shified ;  it  therefore  re- 
mains to  alter  the  shape  of  the  jib,  which  is  done  in  the  following 
manner : 

Erect  a  perpendicular  line  on  the  sixth  division  from  the  middle 
of  the  water-line,  then  on  this  perpendicular  the  centre  of  effort  of 
the  jib  must  be  situated.  Lengthen  this  perpendicular  until  it  meeta 
the  jib-stay,  then  -lay  off  from  this  intersection  equal  distances,  up 
and  down  along  the  stay,  as  far  as  convenient;  the  sum  of  these  two 
distances  should  form  the  length  of  the  luff  of  the  jib.  The  area  of 
the  jib  being  given,  divide  the  area  by  one-half  the  luff,  and  lay  off 
the  quotient  from  the  pb  st^J  along  the  perpendicular  line ;  join  the 
point  thus  found  with  the  two  extremities  of  the  luff,  and  there  ia 
dbtained  a  shape  of  jib  of  the  given  area,  and  with  its  centre  Mling 
exactly  at  the  sivth  divi'^iun  from  the  middle,  or  one-tenth  of  the 
length  beyond  the  <item  But  this  degree  of  accuracy  is  much  greater 
than  is  required  for  practice;  and  it  is  necessary  to  guard  against  the 
attempt  to  fix  these  points  in  the  design  too  closely  before  taking 
into  consideration  &  multitude  of  practical  points  of  convenience,  use 
and  taste,  which  go  to  regulate  the  dimensions  of  saUs.  In  the  first 
place,  it  must  never  be  forgotten  that  nearly  all  ships  carry  weather- 
helm,  and  that  this  proportion  of  weather-helm  generally  increases 
with  the  wind. 

It  is  to  be  observed  that  the  design  of  the  sails  having  been  made 
in  proper  balance,  any  change  made  to  correct  defects  in  the  form 
of  the  body  should  not  be  allowed  to  derange  either  the  proportions 
or  places  of  the  sails ;  but  for  this  purpose  the  whole  of  the  sails 
should  be  removed  to  their  new  place,  and  not  shifted  with  respect  to 
each  other,  unless  due  regard  be  had  to  maintaining  their  balance. 

Another  point  for  consideration  is,  that  if  masts  are  made  to  rake 
instead  of  standing  upright,  it  must  not  be  forgotten  that  rake  may 
shift  the  relative  distance  of  the  sails. 
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A  further  point  is,  that  the  convenience  of  the  ship  herself  may 
interfere  with  the  disposition  of  sails,  A  high  forecastle  wiJl  shorten 
the  drop  of  the  foresail,  and  a  poop  may  seriously  interfere  with  the 
spanter.     These  are  points  which  must  on  no  account  be  neglected. 

Perhaps  the  most  important  point  that  can  be  kept  in  view  in  the 
study  of  the  balance  of  sail,  balance  of  body,  placing  of  masts,  pro- 
portion of  spars  and  subdivision  of  sails,  is  this,  that  in  all  circum- 
stances the  ship  should  be  able  to  carry  the  greatest  quantity  of  sail 
with  the  least  possible  action  of  rudder.  In  a  perfect  "  wave"  form, 
perfectly  balanced,  this  has  been  done,  and  in  a  fast-sailing  clipper 
it  is  vital.  In  such  a  vessel  the  whole  of  the  sails  mentioned  would 
be  carried,  whether  the-wind  was  light  or  fresh,  without  retarding 
the  ship  by  the  action  of  the  helm.  "When  it  came  on  to  blow  hard, 
it  would  only  be  necessary  to  furl  the  three  top-gallant  sails,  and  the 
rest  of  the  sails  would'  remain  in  perfect  balance ;  blowing  harder, 
the  topsails  might  all  be  reefed  and  a  balance  still  maintained ;  blow- 
ing a  gale,  the  spamker,  jib,  foresail  and  mainsail  might  be  taken  in, 
and  yet  a  perfect  balance  exist  under  close-reefed  topsails  and  storm 
jib.  Thus,  in  a  ship  built  on  the  "wave"  theory,  even  in  heavy 
weather  the  commander  would  find  his  ship  handy,  fast  and  under 
perfect  command;  but  if  the  vessel  were  not  a  "wave"  vessel,  the 
following  changes  would  take  place  :  As  soon  as  it  came  on  to  blow 
fresh,  the  spanker,  which  is  a  most  powerful  sail,  would  be  found  to 
cause  an  excessive  degree  of  weather-helm,  and  would  have  to  be 
taken  in,  but  that  would  spoil  the  balance,  and  the  jib  would  follow 
the  spanker,  giving  place  to  the  topmast  staysail,  which  would  at 
once  reduce  very  seriously  the  way  of  the  vessel,  and  it  would  bo 
want  of  balance  and  not  stress  of  weather  which  did  it.  If  it  came 
on  to  blow  hard,  it  would  soon  'be  necessary  to  take  all  sail  off  the 
mizzen,  except  perhaps  a  small  storm  sjtil  for  lying-to. 

In  ships  of  this  class  nothing  but  experience  will  tell  under  what 
sails  the  ship  will  balance,  and  what  she  will  not  carry ;  but  one 
thing  is  certain,  that  in  the  light  winds  and  strong  ones  the  balance 
will  be  entirely  different,  which  is  not  the  case  in  the  "  wave" -formed 
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TABLE  IX.     (Sdmmakt.) 

Areas  and  Powers  of  Sails  withfvur  Yards  on  each  3Iasi. 

Six  tiraea  the  area  of  the  immersed  longitudinal  section  is  taken  as  the  eland- 
ai'd  sail  area  of  the  sliip,  of  which,  the 

Area  of  all  tie  square  sails  on  MainmaRt....  =    H  of  the  whole  i 

"  "  '■         Foremast =  ^i-    "  " 

"  "  "  Mmen-mast  =  -^'if-    "         ■       "  y  §^ 

Area  of  the  Spanker ^^  '-^j-^    "  " 

Jib =  Lfi^    " 

Thepimers  of  these  quantities  are — 

For  Main  area 1. 

"    Forearea 3. 

"    Mizzeu  area i- 

"   Spanker  area 6- 

"    Jib  area 5.' 

Or,  using  decimals,  the 

Area  of  all  the  square  sails  on  Mainmast...,  :=  0.4167  of  the  whole  a: 
"  "  "  Foremast....  =  0.29-16     " 

".  "  "  Miiien-mast  ^  0.1396    "  " 

Area  of  the  Spanker =  0.0687     "  " 

"  Jib =  0.0804    "  " 


The  moraenta  from  the  middle  of  tl 


ifier  momenta  31.6o  = 


10.430 
B1.649  Fore 
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TABLE   lX.—0>ntm>ied. 


"        .   "     Topsail 

=  0.13G5     " 

"           "     Top-gallant  sail 

=  0.0895     ■' 

"     Eoyal 

=  0.0632     "                ' 

"        Fore  Course 

=  0.0972     " 

"            "      TopsaO 

=  0.0895     "                ' 

"            "      Topgallant  sail 

=  0.0632     " 

"            "      Eoval 

=  0.0447     " 

"            "      Top-gallant  sail 

=  0.0447     " 

"           "      Eoyal 

=  0.0317      "                ' 

"                  Spanker 

=  0.0687     " 

Jib 

=  0.0804     "                ' 

Place  of  the  Masts. 

The  length  of  the  ship  on  the  load  water-line  from  the  after  part 
of  the  stern-post  to  forward  part  of  the  stem  is  divided  into  ten  equal 
parts: 

The  Miiien-maat  ia  placed  at  one-tenth  from  the  stecn-poat. 
"     Main        "  "  four-lentlis       "  " 

"     Fore         "  "  eight-tenths      "  " 


Co-e§ieienls  of  Proportions  of  Spars  and  Saih. 


With  4  yards  on  each  mast  I 

Course =  0.33     of 

Topsail ...„  =  0.3035 

Topgallant  sail  =  0.2147 
Eojal =  0,1518 


The  area  of  Ihe 
CourKC  being  given, 
the  length  of  the 
.  yard  is  equal  to 
/2  X  0.1375  X  A  = 
V'0.2750X    area  of 
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TABLE  X. 

Clasaijication  of  Spars  and  i 
(For  eliips  with  four  jards  on  eaci 


CIbbs. 

Tude. 

Coimes. 

S^... 

Jibs. 

ShJp'8  SaU 

9 

118.921 

7071.07 

6508.5 

3535.53 

4133.36 

51425.95 

100.000 

5000.00 

4602.2 

2500.00 

2922,73 

36363.63 

7 

84.089 

3535.53 

3254.25 

1767.77 

2301.10 

1250,00 

1767.77 

1627.12 

883.88 

1033.34 

12856.49 

50.000 

1250.00 

H50.55 

625.00 

730.68 

9090.91 

3 

42.045 

813,66 

441.94 

625.00 

573.28 

312.50 

365.34 

4546.45 

1 

29.730 

441.94 

406.83 

220.97 

258.34 

3214.12 

GEOMETBIOAL  CONSTEUCTION  OF  SAILS. 

I.  Squabe  Sails  (Fig.  18).— 
Given  the  foot,  BB,  the  depth,  AC, 
and  the  area  of  a  square  sail,  to  eon- 
gtruct  its  figure. 

Divide  the  area  ty  half  the 
breadth  at  the  foot,  lay  off  the 
quotient,  AD,  upward  from  the 
foot  on  tlie  upright  centre  line. 
Join  CB,  CB,  and  parallel  to  those 
lines,  draw  DE,  DE.  Through 
C  draw  a  straight  line  parallel  to 
BB,  cutting  the  two  ohlique  lines 
,  from  D  in  EE;  join  EB,  EB ; 
then  EE  will  be  the  head  of  the 
sail,  and  EB,  EB,  its  leeches. 
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II.  Triangular  Sails  (Fig.  19).^GiDm 
the  foot,  AB,  the  direction  of  one  leech,  AC, 
and  the  area  of  a  triangular  mil,  to  construct 
its  figure. 

Divide  the  area  by  half  the  foot,  and  set 
up  the  quotient  as  a  perpendicular,  AD 
to  AB.  Through  D,  draw  DE  parallel  to 
AB,  cutting  AC  in  E;  join  EB;  then  ABE 
is  the  required  figure. 


III.  Quadrangular  Fobe-akd-Aft 
Sails  (Fig.  20).— Given  the  foot,  AB, 
the  luff,  AC,  the  direction,  CH,  of  the 
head,  and  the  area  of  a  quadrangular 
sail,  to  cojidruel  its  figure. 

Divide  the  area  by  half  the  foot, 
and  set  up  the  quotient  as  a  perpen- 
dieular,  AD  to  AB.  Through  D  draw 
DE,  cutting  AC  produced  in  E.  Join 
CE,  and  parallel  to  it,  through  E, 
draw  EK,  cutting  CH  in  K.  Join 
KB.    Then  ABKC  will  be  the  required 


Fia.  20. 


AVhen  the  sail  draft  of  a  vessel  has  been  approximately  prepared, 
it  may  be  necessary  for  verification  to  calculate  from  the  drawing  the 
areas  of  the  several  sails,  for  which  the  following  rules  are  useful. 
To  FiKO  THE  Area. 

IV.    Of  a  Square  -Sat/.— Multiply  the  depth  by  the  half  sum  of  the 
breadths  at  the  head  and  fo,ot. 

Y.   Of  a  Triangular  Fore-and-aft  Sail. — Multiply  any  side  by  one- 
half  its  perpendicular  distance  from  the  opposite  comer. 

VI.   Of  a  Four-sided  Fore-and-aft  Sail. — Multiply  either  diagonal 
by  thehalf  sum  of  its  perpendicular  distances  from  the  opposite  comers. 

The  centre*  can  then  be  found,  as  follows ; 

»  That  is,  the  centre  of  gravity  or  centre  of  effort. 
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Fig.  23. 
by  the  eye,  am  equal  area  having  the 


VII.  Teiakgulak  Sails  (Fig. 
21)  — From  any  two  ot  the  cor- 
ners diaw  straight  Imea  ti  the 
centres  of  the  opposite  ydes  the 
interbeotioii  G  of  thjse  lines 
Tull  be  the  centre  ot  the  s'ul; 
or  the  centie  may  be  tjuud  by 
driwin^  a  atiaight  line  from 
any  corner  to  the  middle  ot  the 
opposite  side,  and  cutting  off 
one-third  of  that  line,  beginning 
i,  as  DG  or  EG. 


VIII.  FouE-aiDED  Sails. 
—Case  First  (Fig.  22).— 
Draw  the  diagonals  AB  and 
CD,  cutting  each  other  in  E ; 
make  BF=AE,  and  DH 
=  CE;  tben  by  Rule  VII. 
find  the  centre  G  of  the  tri- 
angle EFH,  whicli  will  he 
the  centre  required. 


IX.  FouE-siDED  Sails. — Ca&e  Second 
(Fig.  23).^AVhen  E  happens  to  bisect 
one  of  the  diagonals,  as  CD,  so  that  Rule 
VIII.  faila,  make  BF  in  the  other  diago- 
nal =  AE,  and  EG  =  i  EF;  G  will  be 
the  centre  required. 

When  a  sail  is  bounded  by  slightly 
curved  lines,  an  approximation  near 
enough  for  all  practical  purposes  may 
be  made  by  drawing  straight  boundaries, 
as  nearly  as  can  be  judged 
centre. 
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The  centre  of  ^ort,  or  common  centre  of  all  the  sails,  may  be  found 
as  follows : 

X,  Multiply  tho  area  of  each  sail  by  the  height  of  its  centre  above 
ajiy  convenient  horizontal  line  (say  the  load  water-line),  divide  the 
sum  of  the  products  by  the  tx)tal  area  of  sail ;  the  quotient  will  be 
the  height  of  the  centre  of  effort  of  all  the  sails  above  the  same 
horizontal  (load  water)  line, 

SI.  Multiply  the  area  of  each  sail  by  the  horizontal  distance  of 
its  centre  from  any  convenient  vertical  line  (such  as  a  line  drawn 
vertically  through  the  middle  of  the  load  water-line,  or  through  the 
centre  of  lateral  resistance)  ;  distinguish  the  products  into  forward  and 
after,  according  as  the  centres  of  the  sails  lie  before  or  abaft  the  ver- 
tical line;  take  the  swras  of  the  forward  and  after  products  separately 
and  the  difference  of  those  suras ;  divide  that  difference  by  the  total 
area  of  sail;  tlie  quotient  will  be  the  horizontal  distance  of  the  centre 
of  effort  frora  the  vertical  line,  and  will  lie  before  or  abaft  that  line, 
according  as  the  forward  or  after  products  are  in  all  the  greater. 

XII.  The  moment  of  sail  is  then  to  be  computed  by  multiplying  the 
area  of  sail  by  the  height  of  the  centre  of  effort  above  the  centre  of 
the  immerse'd  longitudinal  section  (centre  of  lateral  resistance)  ;  and 
by  comparing  the  area  and  moment  as  now  calculated  in  detail  with 
the  previous  estimate  of  thoie  quantities  obtained,  it  will  be  ascer- 
tained whether  the  design  for  the  sails  on  the  sail  draft  requires 
modification  in  order  to  adapt  it  properly  to  the  stability  of  the 
vessel, 

XIII,  The  sails  are  then  to  be  distinguished  into  head  mil  and  after 
sail;  and  the  centre  of  the  head  sail  and  centre  of  tfce  after  sail  are  to 
he  found  separately,  in  the  same  manner  with  the  centre  of  effort — 
the  proportion  which  the  horiKontal  distance  between  those  two 
centres  bears  to  the  length  of  the  line  of  flotation  (load  water-line) 
is  a  measure  of  the  handiness  of  the  vessel  when  manoBUvring  under 
sail,  and  ranges  from  0.6  to  0.7  in  good  examples. 

The  areas  of  head  sail  and  of  after  sail  are  of  course  to  each  other 
inversely  as  the  distances  of  their  respective  centres  from  the  centre 
of  effort.  Their  relative  proportion  varies  very  much  in  the  smaller 
class  of  vessels ;  in  ships,  however,  it  is  more  nearly  uniform,  the 
area  of  after  sail  being  greater  than  the  area  of  head  sail  in  a  ratio 
which  ranges  from  3:2  to  5  :  3.     The  greater  area  of  after  sail  is 
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advantageous,  as  counteracting  the  tendency  to  check  the  ship's 
headway,  when  the  head  sail  or  part. of  it  is  taken  aback  during 
the  operation  of  tacking. 

TABLE  SI. 

Balance  op  Sail. 

Four  Sq\tare  Saib  on  each  Mad,  and  Jib  to  balance. 

1. 

MiEzsn             Main.                Fore.  Jib. 

Areas A                iJ                HF  HF 

XXX  X 

Leverage 4                  1                      3  4,5592 

HoriwnUl  momeDts 20                10                   21,213  8.7869 

20  8,7869 

After  moments  30  =               29.9999  Fore  momenls, 
or  the  centre  of  effort  falls  exactly  in  the  middle  of  the  load  water-line. 

MiKzen.             UoAd.                Fore.  Jib, 

Areas ^                  J^                HP  Hi^ 

XXX  X 

Leverage - 1.14  a         1.6168  o        1,332  0.S409  a 

Vertical  moments 5.7  o  16,168  a        10.418  a  1.662  o 

10,418  a 
1.662  a 
5.7  a 
33,908  a  equal  to  the  sum  of  momenls. 

The  sum  of  the  momenls  divided  by.  (he  total  area,  or  24,  gives  1.412  a,  in 
which  o  represents  the  height  of  the  main  course. 

Under  all  Plain  Sail. 
2. 

Spnnker.         MiMen.  Main.  Fors.  Jib. 

Areas J^  -'j^^  ^^  m^  HF 

X  X  X  X  X 

Leverage. 5  4  13  5.41 

Horizontal  momenls„    8.25  13.40         10  21.213        10.436 

■    13,40        10.436 
8,25 
After  momenta  31,65=     31.649  Fore  moments, 
or  the  centre  of  effort  falls  in  the  middle  of  the  load  water-line. 
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Under  all  Plain  Sail  (continued'). 

Spanker.          Mliien.          Main.  Fore.  Jib. 

Areas „ Ji^              ^^             U  ^U^  HF 

XXX  X  X 

Leverage 0.3535  a      1.5386        I.61G8  X  o  1.332  X  o  0.8409  X  o 

Vertical  momente..  0.5833  o      5.1543  a    16.168  X  o    10.418  o  1.622  a 

The  sum  of  these  vertical  momenta  ==  33.9  X  it-  Thia,  divided  bj  24,  or  tlie 
whole  area,  gives  for  the  distance  of  the  centre  above  the  bottom  of  eail  1.41  X  ", 
in  which  a  is  the  height  of  main  course  as  before. 

In  the  same  waj— 

Without  Eoyals. 
3. 

After  moments,  27.036  =  27.093  fore  moments,  or  the  centre  of  effort  falls  ui 
the  middle  of  the  load  water-line ;  and 

Sum  of  vertical  moments,  24.317,  which,  divided  by  20.40,  or  the  Bail  area, 
givea  for  distance  of  centre  above  bottom  of  sail,  1.21  X  <^ 

Under  Topsails,  Courses,  Jib  and  Spanker. 
4. 
After  moments  20.657  =  20.656  fore  momenta;  or  the  centre  of  effort  fella  in 
the  middle  of  the  load  waler-line ;  and 

Sum  of  vertical  moments  =  13.0933  X  ",  which,  divided  by  15.32,  or  the 
area,  gives  fur  the  distance  of  the  centre  above  the  bottom  of  the  sail,  0.85  X  ". 

Under  Ibpsaife  only. 
■5. 

Areas 4i^  *^St^  Hf^  HV"^ 

X  X  X  X 

Leverage 4  1  3  5.41 

Horizontal  moments..   6.072  3.035  6.441  2.66 


After  moments  9.10   ^  9.101  Fore  moments, 

r  the  centre  of  effort  falls  in  the  mddle  of  the  load  water-line. 

MiEieii  Topsail.       Main  Topsail.      Fore  Topsail.  SMrm  Jib. 

Areas Hl^  Hk''  Hl^  '^=F 

Leverage 1.1919  X  o    1.4848  X  o     1.3257  X  o      0.8409 


Moments  (vertical)...    1.81 
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The  Bum  of  these  vertical  momenls  =  QM  X  ".  This  divide.!  by  7.19,  or 
the  acea,  gives  for  tlie  distance  of  tie  centre  above  tJie  bottom  of  the  sail,  1.33  a.* 

It  is  to  be  noticed,  in  using  the  tables,  tbat  tbe  centre  of  tbe 
sails  is  taken  as  being  in  the  line  of  tbe  mast,  and  all  tbe  sails  are 
supposed  to  be  braced  round  in  a  line  parallel  to  tbe  keel.f  Also, 
that  where  length  of  yard  is  spoken  of,  only  that  part  of  tbe  yard 
covered  by  the  spread  of  sail  is  included.  Thirdly,  tbat  tlie  length  of 
tbe  ship  is  taken  on  the  load  water-line  and  tbe  middle  of  tbe  ship  at 
the  middle  of  that  line.  But  care  must  be  taken  tbat  when  the 
centre  of  resistance  of  tbe  ship  is  shifted  aft  15y  trim  or  is  shifted - 
forward  by  the  resistance  of  tbe  water  to  tbe  bow  when  under  way, 
the  centre  of  effort  shall  also  be  shifted  so  as  to  maintain  the  balince. 
Ships  with  full  bows  have  their  centre  of  lateral  resistance  si  ifted 
forward  from  the  middle  as  much  as  one-twentieth  of  tbe  length  of 
tbe  load  water-line.  This  shifted  point  must  then  be  considered  as 
the  middle  point,  and  tbe  distance  from  this  shifted  point  to  the 
forward  end  of  tbe  water-line  as  half  tbe  length ;  and  tbe  distribution 
of  sail  must  be  made  on  this  new  middle  and  reduced  length,  instead 
of  on  tbe  true  middle  and  true  length  of  load  water-line. 

When  a  given  sail  area  is  to  -be  carried  on  a  ship.  Table  XII. 
shows  the  dimensions  and  distribution  of  balancing  sails,  as  described 
in  this  chapter,  and  enables  the  constructor  to  determine  tbe  dimen- 
sions of  spars  and  sails  for  tbe  given  amount  of  sail  area  by  simple 
inspection.        ^ 

When  the  ship  is  not  of  the  "  wave"  form,  but  such  as  to  shift 
the  centre  of  resistance  forward  from  the  true  middle  when  going 
fast,  then  this  shifted  centre  mud  be  taken  as  the  true  middle,  and 
the  masts  and  sails  distributed  on  both  sides,  as  if  it  were  the  true 
middle;  and  the  ten  divisions  of  length  must  be  taken  as  extending, 
one-half  from  the  bow  to  this  shifted  middle,  and  tbe  other  half  to 
an  equal  distance  abaft  the  shifted  middle. 

*  In  all  the  foregoicg  aalculatton!,  a  is  tha  height  of  the  main  conr^e.     Of  a  single 

tail,  top-EHllant  sail  and  rojal— the  centre  of  effort  is  situated  at  ^j  from  the  bottom 
of  the  lowest  aail ;  and  of  all  font  sails  on  one  mast,  the  centre  of  effort  is  situated  at 
^^  from  tha  bottom  of  the  course, 
t  The  sails  being  supposed  to  be  flat,  lilie  boards. 
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TABLE  XIII  » 
Force  and   Veloeity  of  Wind. 


Miles  an  hour. 

,— s. 

MU.«..l.=ur. 

Square  foot. 

Mn....™. 

SiiUKte  foot. 

U 

2.89 

49 

6.00 

3.24 

60 

0.49 

3.61 

0-64 

40 

4.00 

52 

41 

4.22 

53 

4.41 

54 

1.21 

43 

4.62 

44 

4.84 

56 

5.06 

1.96 

46 

6.2B 

2.25 

47 

5.52 

59 

32 

2.56 

43 

6.76 

60 

TABLE  SIV. 
Force  of  the  Wind,  from  1  lb.  to  10  lbs.  pressure  per  Square  Foot. 


».„.. 

Prasrare 

'"ii¥' 

..... 

-= 

Velodiy 
'"i^les. 

Top-gallant  breeze.. 

Fresh      top-gallant 

breeze ,.... 

Whole  topsail  breeze 
Eeefed  topaailsfc„... 

1.0 

1.5 
2.0 
2.67 

13.80 

17.25 
18.00 
20.00 

Close-reefed  topsails 
Scudding  sails 

3.53 
5.24 
7.67 
10.66 

23 
34 

•  This  tBbla  has  bee 
a  railway. 

n  Tcrified 

ty  direct 

— *i"-«- 

n  tbroug 

the  air  on 
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Hitherto  the  sails  have  been  studied  with  reference  to  their  effect 
on  the  ship  in  so  fiir  as  concerns  the  wnik  of  the  naval  archite  t 
If  they  are  ivell  proporticned  m  tize  to  the  ship  or  well  1  ilineed 
«o  as  to  le'i\e  her  free  m  her  movements  if  fhei  are  10  prop  rtinncd 
in  dimensions  that  they  drive  without  overpowenng  her  or  can  1  e 
varied  in  quantity  to  any  extent  without  deringement  of  b^hn(.e 
and  alwiys  leave  her  under  command  ot  the  helm  — then  the  first 
requisites  of  the  naval  architect  are  aocomph  hc^  Bit  othei 
things  are  demanded  besides  this  first  eswntiil— their  u  e  to  the 
ship  The  seaman  must  be  satisfied  with  the  figure  distribution  and 
cut  of  his  sails  besides  this  the^  must  suit  his  convenience  ind 
use  They  mu  t  set  wel^,  stanl  well  Iraw  well  bo  i  ih  s  t  ensilv 
worked  easily  reefed  ea'iily  taken  m  in  sli  rt  be  e>n\cnienth 
easily  and  =at  ly  handled  On  tl  s  pamt  the  wdl  of  the  seaman 
should  rule  the  design 

The  quantity  and  balance  of  sail  are  the  bu^ine  s  of  the  ni\al 
architect  the  ajmroetry  fashion  and  cut  of  the  =ails  are  the  \tca 
tion  of  the  "eiman  not  of  the  Ian  isman  The  na-\al  irchitect  has 
now  to  consider  how  he  shall  gue  the  seaman  all  he  wishes  in  regarl 
to  fashion  and  synimrfry  witho  it  compromising  the  other  c  nditions 
on  which  the  ship  is  designed  This  requires  skill  tl  ough  f  r  this 
purpose  all  that  has  Leen  said  ibout  balance  rf  sad  an  1  if  ship 
forms  an  excellent  bi'is  on  which  may  be  grafted  anj  amount  of 
fashion  and  of  fancj    of  fitness  and  of  hindme-"' 

Suppose  a  lull  rigged  ship  to  ha\e  been  designed  an  I  the  place 
of  all  the  principal  sails  their  areas  and  their  dimensions  to  be  hid 
down  jn  a  siildiift  M   the  rules  alrea  h  m^--     the  que  t    n  now 
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raised  is,  How  may  the  fashion  of  the  sails  he  altered  without  dis- 
turbing their  balance  or  changing  their  quantity? 

There  is  manifestly  a  great  variety  in  fashion  for  the  same  area, 
while  for  every  square  sail  there  arises  three  main  questions  ; 

1st.  Taper  of  sail,  or  diminution  of  the  head  of  each  sail,  com- 
pared with  the  width  at  the  foot. 

2d.  Proportion  of  height  to  width,  or  spread  of  sail  in  proportion 
to  hoist. 

3d.  Sub-division  of  sails  on  a  mast. 

I.  Diminution  of  the  head  of  the  sails  on  a  given  maM. 

The  sails  on  the  same  mast  may  all  have  the  same  taper,  diminish- 
ing in  one  straight  line ;  or  they  may  vary  in  taper,  though  it  is 
obvious  that  whatever  reason  exists  for  a  certain  taper  in  a  given 
sail  will  apply  equally  to  that  above  it.  That  the  sails  on  all  thi-ee 
masts  should  have  the  same  taper,  one  and  all,  seems  evident, 
and  there  exists  a  preference  for  having  one  proportion  for  the 
diminution  of  the  head  of  the  sail  running  througli  all  the  higher 
sails  of  the  same  mast,  especially  where  the  subdivisions  are  numer- 
ous, tliough  it  is  a  frequent  practice  to  narrow  most  the  heads  of  the 
higher  siuls. 

The  argument  for  diminishing  the  heads.of  the  sails  is  that  the 
higher  masts  and  gear  are  lighter  than  the  lower,  and  therefore  less 
able  to  carry  heavy  and  large  sails  and  y ^ds.  On  the  other  hand 
is  the  argument  that  tlie  loftier  sails  are  not  set  in  bad  weather, 
but  are  taken  in  when  it  blows  hard,  so  that  being  fair-weather  sails 
they  should  be  lai^,  or  else  they  are  of  but  little  use ;  and  this  latter 
consideration  is  entitled  to  considerable  weight.  The  lofty  sails 
should,  it  is  thought,  have  a  wider  spread  and  a  smaller  proportion 
of  height  to  width  than  has  been  usual  hitherto.  There  is  a  growing 
tendency  in  fad  vessels  to  carry  large  and  low  sails,  and  to  obtain 
greater  spread  of  sail  with  less  hoist. 

Moreover,  with  the  adoption  of  iron  and  steel  as  materials  for 
masts,  and  wire  rope  for  rigging,  sails  of  great  spread  and  moderate 
hoist  will,  it  is  believed,  be  more  and  more  used. 

Three  things  must  be  remembered  in  considering  what  diminution 
of  sail  may  be  adopted  in  any  given  ship  : 

1st.  That  by  increasing  the  spread  of  the  lower  sails,  and  tapering 
rapidly  the  upper,  the  centre  of  effort  of  the  sails  is  lowered. 
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2d.  That  by  narroiving  the  upper  sails  ihcy  become  of  less  area  and 
of  less  value, 

3d.  That  in  altering  the  taper  it  is  only  necessary  to  remember 
that  by  so  much  as  the  alteratioti  adds  to  one  part  of  the  sail  area 
on  a  given  wast,  by  so  mueh  also  shall  it  diminish  the  area  at 
another  part. 

Thus  any  amount  of  change  or  diminution  may  be  given  to  tlie 
sails  on  each  mast  ivithout  changing  the  balance  of  sail  area  on  the 
whole  ship. 

II.  Proportiim  of  height  to  width  in  a  square  nail. 

It  seems  that  in  proportion  as  ships  sail  faster  and  are  built  finer 
and  longer,  the  separate  sails  are  made  broader  and  lower,  their 
yards  longer  and  their  hoist  less,  as,  by  giving  squareness  to  a  sail, 
not  onlj-  is  a  larger  quantity  of  low  sail  carried,  but  the  sails  stand 
flatter  and  better  on  a  wind.  On  the  other  hand,  there  is  tliis  con- 
sideration: that  yards  of  great  length  are  costly  and  heavy — heavy 
to  carry  and  to  work ;  and  that  by  merely  increasing  the  hoist  the 
same  yard  may  be  made  to  carry  much  more  canvas  and  do  much 
more  work. 

This  goes  in  favor  of  increased  hoist,  but  it  loses  weight  from  the 
fact  that  a  square  sail  of  great  height  does  not  stand  well  on  a  wind ; 
and  that  a  fast  ship  will  sail  faster  on  a  wind  with  square  and  low 
sails  than  with  high  and  narrow  ones. 

The  fact  that  yards  of  great  length  are  heavy  to  carry  and  hard  to 
work  will  therefore  be  a  good  argument  in  favor  of  narrow  and  lofly 
sails  for  slow  ships,  short  \  oj  ago  and  small  crews.  On  the  contrary, 
in  long  voyages  and  with  plenty  of  able  seamen,  spread  being  of 
value,  long  yards  and  moderate  hoist  are  preferable.* 

The  limits  of  proportion  taken  are  these :  When  the  hoist  of  a 
square  sail  is  made  equal  to  its  spread,  it  should  be  reckoned  .an 
extreme  height  of  sail  When  the  hoist  ia  one-half  of  the  greatest 
width,  it  would  he  reckoned  a  broad  and  low  sail.  They  ought  not  to 
be  lower  to  avoid  waste,  because  a  sail  of  that  height  will  stand  close 
to  the  wind  ;  therefore  the  abov«  may  be  assumed  as  a  standard  pro- 
portion of  height  to  width. 

IIL  Suh-dividon  of  saih  <m  a  mad. 

The  proportion  of  width  to  height  of  sail  may  be  considered  apart 

*  Men.of-war  moy  be  classed  in  this  eategorv. 
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from  taper  or  diminution  of  head;  nevertheless  a  rapid  rate  of 
diminution  may  better  suit  lofly  sails,  and  a  more  gradual  rate  lower 
sails.  But  much  of  the  symmetry  of  a  suit  of  sails  depends  on  keep- 
ing some  one  proportion  of  height  to  width  thi-oughout  the  sails  on 
the  same  mast,  as  well  as  on  the  different  masts  of  the  same  ship. 

In  fast  ships  there  is  a  strong  tendency  in  this  direction ;  and  it  is 
believed  that  as  the  introduction  of  iron  masts  frees  the  ship-builder 
from  the  difficulty  of  finding  spars  of  sufficient  length  "and  strength 
in  the  forests,  and  enables  him  to  make  masts  of  any  length  in  one 
piece,  without  break  or  discontinuity,  this  is  a  great  encourage- 
ment to  the  adoption  of  symraetiy  and  uniformity  in  the  proportion 
and  fashion  of  sail.  It  seems  plain  that  when  some  one  proportion  of 
height  to  width  has  been  selected  as  possessing  the  requisite  qualities 
in  the  best  practical  degree,  there  can  be  no  sufficient  reason  for  adopt- 
ing that  proportion  in  one  sail  on  a  mast  and  rejecting  it  in  the  others. 

Take,  therefore,  for  example's  sake,  the  sails  on  one  mast  and  divide 
'  them  so  that  tliey  may  all  have  one  proportion  of  spread  and  hoist. 
That  sub-division  may  be  altered  in  any  way  found  most  convenient 
for  working.  In  men-of-war  the  topsail  is  the  great  working  sail  of 
the  ship ;  and  being  generally  of  great  hoist,  may  be  taken  as  an 
extreme  proportion.  In  the  double-topsail  sailing  clipper  tlie  same 
saU  is  cut  into  two  'sails,  often  of  a  ridiculously  small  hoist  These 
are  two  extremes  between  which  there  should  be  some  medium.  It 
is  thought  not  out  of  place  to  repeat  here  that  sub-division  of  sails  is 
more  a  matter  of  seamanship  than  of  naval  construction — is  more, 
in  fact,  a  question  of  working  a  ship  than  of  designing  one,  as,  gener- 
ally speaking,  the  sails  liked  best  will  be  worked  best.  What  the 
seaman  likes  will  depend  not  merely  on  his  experience,  but  on  tlie 
power  at  his  disposal  to  work  his  ship  and  on  the  value  that  speed 
m^y  have  to  him.  Given — a  stable,  fine,  fleet  ship  for  long  voyages, 
it  is  thought  better  to  have  sails  not  high,  but  of  great  spread.  For 
short  voyages,  narrow  seas,  moderate  speed  and  a  small  ship's  com- 
pany, narrow  sails,  lofty  and  easily  worked,  may  be  preferred ;  and 
in  like  manner,  sails  few  and  lai^,  or  many  and  small,  have  cor- 
responding advanb^es  or  disadvantages. 

Hitherto,  reference  has  been  made  mainly  to  sails  of  &  quadrangu- 
lar shape  or  square  sails,  which  are  not  only  the  most  universal  of 
form  and  arrangement,  but  are  universally  used  on  the  largest  scale. 
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Triangular  sails  are  not  less  valuable,  but  are  to  be  reckoned  in  some 
sort  as  subsidiary  sails.  They  take  their  form  almost  inevitably  from 
Other  considerations,  to  which  they  are  subordinate.  Thus,  even  the 
jib  of  a  mau-of-war,  the  chief  triangular  sail,  takes  its  shape  and 
proportion  almost  eSelusively  from  the  angle  of  the  jib-stay,  and  is 
decided  in  shape  hy  the  proportion  of  masts  and  direction  of  rigging, 
which  have  been  determined  by  precedent  considerations. 

If  there  is  less  scope  tor  choice  and  design  in  triangular  sails  than 
in  square  sails,  there  is  this  compensating  virtue  in  tlie  former,  that 
they  are  accommodating  enough  to  take  any  shape  without  loss  of 
value.  A  jib  covering  a  given  length  of  its  boom  is  of  the  same 
area,  and  does  not  vary  with  the  eteeve,  provided  it  rise  to  a  given 
height,  measured  square  off  the  line  of  its  boom ;  while,  so  long  as 
it  rises  to  tlie  same  height,  its  centre  of  effort  will  be  at  the  same 
he^ht  taken  square  from  the  boom. 

There  is  another  point  in  which  a  triangular  sail  diffci-s  from  a 
square  sail ;  it  draws  well  independent  of  its  height.  So  long  as  a 
triangular  sail  is  not  too  wide  fore  and  aft,  it  will  set  flat  close  to  the 
wind,  and  without  the  large  belly  which  great  height  would  give  a 
square  sail.  The  ch\ef  virtue  of  triangular  sails  is  this  special  quality 
of  setting  flat  and  going  close  to  the  wind. 

Spankers  and  trysails  also  have  the  same  advantages  as  triangular 
sails  of  standing  well  and  keeping  flat  close  to  the  wind,  but  the 
gaff  has  the  disadvantage  of  tending  to  sway  over  to  leeward,  and 
the  head  of  the  sail  shakes  while  the  foot  stands. 

In  calculating  the  balance  and  distribution  oigguai'e,  triangular  or 
fore-and-aji  saih,  it  is'  a  matter  of  indifference,  what  tlie  sort  of  sail 
is,  as  a  fore-and-ajt  sail  may  be  substituted  at  any  point  for  a  square 
sail,  provided  the  same  aiea  is  kept  and  the  balance  point  or  centre 
of  eifort  in  the  same  place.  The  sails  will  baianee  the  ship  equally 
well  whether  square  or  fore-and-aft. 

But  there  is  this  radical  difference  between  fore-and-aft  sails  and 
square  sails.  Fore-and-aft  sails  sidfi  their  centres  of  effort  with  their 
trim  ;  they  travel  in  circles  round  a  fixed  point,  and  they  carry  their 
centres  round  with  them  fequaie  sails  never  shift  their  centres  of 
effort  so  long  as  tlie>  are  set  fiat,  the  centi-es  being  fixed  points  on 
the  mast  around  which  thej  turn 

This  shifting  of  the  centie  in  ture-and-aft  sails  is  of  considerable 
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importance,  because  it  carries  the  centre  of  effort  farther  forward  as 
the  ship's  course  goes  off  from  the  wind.  It  returns  when  close- 
hauled,  but  it  must  be  kept  in  mind  that  it  is  always  a  little  forward 
of  its  calculated  place,  and  this  is  perhaps  one  of  the  reasons  why,  in 
fore-and-aft-rigged  vessels,  the  centre  of  effort  of  the  sails  requires  a 
smaller  shift  forward  of  the  middle,  in  order  to  meet  the  shift  of  tho 
centre  of  resistance  of  the  body  of  the  vessel  as  the  speed  increases. 
It  must  always  remain  a  great  point  in  favor  of  the  square-rigged 
vessels  that  their  sails  pivot  round  their  centres  of  effort  and  keep 
their  balance  in  every  trim.  On  the  other  hand,  it  is  a  quality  of 
the  fore-and-aft  rig  to  lie  closer  to  the  wind,  and  probably  to  yield 
a  given  sail  area  with  a  smaller  quantity  of  top  hamper,  thus  suiting 
well  the  chief  purpose  of  modem  sails,  to  serve  as  auxiliaries  to  the 
power  of  steam.* 

But  iron  masts,  spars  and  wire  rigging  are  daily  coming  more  and 
more  into  use,  and  will  eventually  open  up  a  new  field  for  enter- 
prise ;  at  least  in  the  merchant  service. 

»  The  majority  of  tlie  French  iron-clads  cttrtylarge  fore-and-aft  sails,  in  lien  of  square 
sails,  probaUy  on  this  acoonnt.  And  their  sail  area  is,  in  general,  ([uite  equal  to  that 
of  square-rigged  ships  of  tlie  same  siio. 
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CHAPTER    XXI. 

HOW    TO    DESIGN    THE    LINES   OF    A    SHIP    ACCORDIMG    TO    THE    "WAVE" 
SYSTEM. 

The  easiest  problem  which  can  he  submitted  to  a  constnictor  ivill 
be  taken  as  an  example. 

ise  which  frequently  occurs  in  practice,  that  a  certain 
i  of  ship  is  to  be  built ;  a  certain  breadth  is  given,  a  certain 
load  drajl  of  water,  and  a  certain  light  draft  of  water,  and  that  these 
are  about  the  ordinary  proportions  of  a  ship ;  that  no  particular 
■weight  is  to  bo  carried  or  work  to  be  done  beyond  sailing  well  or 
steaming  at  a  moderate  speed ;  and  that  the  purpose  to  be  served  is  a 
Mr,  common  mercantile  trade,  such  as  ordinary  vessels  will  moder- 
ately well  perform ;  of  course  the  owner  will  expect,  what  he  may 
with  reason  expect  from  a  man  of  science  and  skill,  that  the  vessel 
will  be  somewhat  faster,  easier,  safer  and  more  economical — therefore 
somewhat  more  valuable — than  a  vessel  built,  without  design  or  cal- 
culation, by  an  unskilled  man.  This  is  a  very  ordinary  task  for  a 
naval  architect. 

There  are  two  ways  in  which  he  may  set  about  building  his  vessel : 
he  may  eitber  take  th';  model  of  the  vessel  which  is  already  the  best 
that  has  been  applied  to  the  trade  in  question,  and  improve  upon  her, 
or  he  may  at  once  throw  all  precedent  overboard,  and  give  his  em- 
ployer an  entirely  new  design.  The  undertaking  then  will  speedily 
shape  itself  as  follows :  Extreme  length  and  extreme  breadth  being 
given,  he  may  determine  a  midship  section,  such  as  will  give  him  the 
requisite  carrying  power  with  good  sea-going  qualities.  Next  he 
will  determine  a  water-line  which  will  give  the  highest  speed  and  least 
residance  of  which  that  length  admits ;  or  he  may  decide  to  fit  her 
for  a  given  speed  only,  and  adopt  a  water-line  of  greater  capacity  fit 
for  that  speed.  Thirdly,  he  will  adopt  a  convenient  form  of  deck 
for  the  ship,  and  on  these  principal  points  will  fill  in  wtat  may  be 
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called  "  a  skeleton  design,"  and  frame  an  approximate  calculation 
of  the  qualities  of  the  ship,  which  may  also  bo  called  "  the  skeleton 
ealculatiou," 

(1.)  To  construct  the  midship  section. 

In  the  choice  of  the  midship  section  the  naval  architect  is  left  free 
to  exercise  with  the  greatest  liberty  his  otvn  judgment.  In  the  water- 
line  he  has  Utile  choke,  since  nature  has  fixed  that  for  him.  The 
midship  section  he  may  vary  as  much  as  he  wishes  to,  and  give  the 
ship  every  sort  of  quality  by  choosing  it  ill  or  well ;  whence,  with  a 
given  water-line,  he  may  produce  all-sorts  of  ships. 

To  illustrate  this  latitude  of  choice,  suppose  the  architect  to  take 
three  styles  of  midship  section ;  and  further,  that  it  is  necessary  for 
each  of  theiu  to  have  the  greatest  speed  the  length  will  allow. 

The  first  of  these  sections  (fig.  16,  page  74)  is  to  carry  veiy  little 
cargo,  to  have  little  room,  but  to  go  as  fast  as  she  can  be  made  to 
go  with  all  the  sail  and  steam  power  she  can  carry.  These  are  the 
practical  conditions  of  the  yacht,  the  swift  cruiser,  the  opium  trader 
or  the  privateer;  and  what  such  a  vessel  requires  can  be  readUy 
contrived,  for  the  conditions  given  malce  the  midship  section,  and 
leave  not  much  to  choice. 

Such  a  vessel  must  be  all  "  shoulder"  and  keel  (figs.  1-i  and  1 6), 
since,  by  being  all  "  shoulder,"  with  very  little  under-water  body  to 
carry,  she  will  possess  the  maximum  of  power  with  the  minimum  of 
weight.  Her  fault  will  be  tliat  her  enormous  keel,  necessary  to 
prevent  her  from  going  to  leeward,  exposes  a  large  surface  to  the 
adhesion  and  friction  of  the  water,  Neve.tholess,  it  is  the  form  of 
greatest  power  with  the  least  weight  The  bottom  of  this  midsliip 
section  may  be  formed  in  two  ways;  it  may  either  be  made  elliptical, 
to  have  a  minimum  of  skin  for  adhesion,  and  be  reconciled  to  this 
deep  keel,  by  two  hollow  curves  ;  or  it  may  be  reconciled  to  the  keel 
by  a  long  wedge  bottom.  The  elliptical  bottom  is  thought  best  for 
iron  ships ;  but  the  other  or  peg-top  shape  has  been  much  used  in 
wooden  ones.*  Nest,  suppose  that  the  capacity  thus  got  is  too  small 
for  carrying  remunerative  cargo,  and  that  a  "cargo-hold"  of  a  capacity 
more  usual  in  mercantile  vessels  is  required;  in  that  case  keep  the 
same  "shoulders,"  and  give  a  larger  under-water  body,  (Fig.  9, 
page  73.) 

=  Sir  William  Sjmonds'  vessels,  for  esaiHple. 
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Now  take  a  third  design.  The  ship  is  to  carry  as  mneh  as  is  not 
inconsisteut  with  good  sea-going  qualities  ;  aad  she  is  to  have  roora 
also  for  boilers  and  machinery  of  considerable  power.  This  retiuires 
her  sides  to  be  nearly  upright,  her  bottom  dead  flat  amidships,  ivith 
only  so  muoh  off  her  bilges  as  will  not  be  inconsistent  with  what  she 
is  to  receive  inside.  (Fig.  7,  page  73.)  This  the  form  and  aiTange- 
ment  of  her  boilei-s  and  machinery  will  generally  determine;  and 
the  boilers  and  machinery  in  such  a  vessel  should  be  treated  as 
haUast  and  kepi  low. 

In  regai-d  to  these  three  midship  sections  it  is  to  be  noticed  that 
they  are  prescribed  in  some  measure  by  the  vises  of  the  ship  ;  but  the 
forms  mentioned  come  entirely  from  the  judgment  of  the  constructor, 
and  wliether  they  have  been  wisely  or  injudiciously  selected  must  be 
judged  of  after  the  calculations  have  been  made  of  the  various 
qualities  to  which  they  give  rise. 

But  there  are  one  or  two  points  which  occur  to  a  constructor  at 
the  first  glance'  at  these  forms  of  undcr-water  body.  It  is  plain  the 
first  is  easiest  and  the  last  hardest  to  drive.  It  would  require  much 
more  sail  or  steam  power  to  drive  the  two  last  than  the  first. 

And  it  is  equally  plain  that  the  first  is  much  better  able  to  carry 
sail  than  the  last  The  area  of  midship  section  of  under-water  body 
is  the  thing  to  be  driven  ;  the  area  of  the  sail  is  the  driving  power; 
but  the  power  of  the  shouldei-s  to  carry  the  sail  upright  limits  the 
quantity  of  sail  the  ship  can  carry.  The  bulk  of  the  undci'-water 
body  brings  with  it  two  evils — resistance  to  being  driven  through  the 
water,  and  under-water  buoyancy  tendmg  to  upset  the  ship. 

From  these  considerations  it  is  evident  that  the  first  shape  is  suited 
for  a  fast  ship  under  sail  alone ;  the  last  is  suited  for  a  fast  ship  under 
steam  alone ;  and  t!ie  second  form  may  do  for  a,  moderate  quantity  of 
■both,  or  what  is  known  as  "  the  mixed  system  ;"  while  of  these  three 
vessels  the  following  will  probably  be  an  approximation  to  their 
qualities. 

The  first  will  be  powerful,  weatherly,  lively  and  fast.  The  last 
will  be  tender,  easy,  sluggish  and  roomy.  By  a  proper  medium  may 
be  obtained,  in  the  second  vessel,  any  compromise  of  these  qualities 
which  may  be  fancied.     (Fig.  8,  9  or  15.) 

Nothing  has  yet  been  said  about  the  parts  of  midship  section  above 
water ;  but  these  grow  natumlly  out  of  the  form  adopted  under  water, 
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since  the  over-water  body  should  be  proportioned  to  tbc  under-water 
body.  The  object  of  this  is  to  give  adequate  lifting  power  in  a  sea- 
way in  proportion  to  the  heavier  under-water  body. 

In  the  three  designs  the  midship  section  (a  technical  term)  is  far 
from  being  actually  amidships,  being  placed  at  the  point  of  greatest 
breadth,  or  nearer  the  stem  than  the  bow,  in  the  proportioq  of  4  to  6. 
It  is  usually  distinguished  by  the  character  M, 

(2.)  To  construct  the  chief  water-line.    (Fig.  25 — Half-breadth  plan.') 

Draw  a  horizontal  line,  oo',  representing  the  whole  length  of  the 
ship  at  the  main  water-line,  and  erect  at  the  end  of  it  two  perpen- 
diculars, OC,  (yC  This  line  is  generally  called  "  the  length  be- 
tween perpendiculars,"  or  "the  construction  length,"  and  these  per- 
pendiculars are  to  be  the  ruling  elements  in  the  construction. 

Divide  this  length  into  ten  equal  parts;  take  four  of  these  abaft  for 
the  length  of  the  "run,"  and  six  of  these  forward  for  the  length  of 
the  "sntra'me."  Describe  a  semi-circle  on  one-half,  8  8,  of  the  chief 
breadth.*  Divide  the  length  of  entrance,  08,  and  this  semi-circle, 
848,  into  any  (and  the  same)  number  of  equal  parts;!  the  distance 
of  the  witei  line  from  the  centre  line  opposite  each  division  in 
length  of  the  entrance  will  be  the  distance  of  each  corresponding 
division  of  the  semi  circle  from  the  same  centre  line,  and  a  line 
through  all  the  points  thus  found  will  be  the  true  wave  water-line, 
0A8,  ot  the  bow.J  To  obtain  the  water-line  of  the  run,  0'B8,  it 
will  be  necessary  to  draw  parallel  lines  to  the  centre  line  through 
each  of  the  divisions  of  the  serai-circle,  which  it  may  be  convenient  to 
call  "the  semi-circle  of  construction."  On  each  of  these  lines  points 
may  be  found,  just  as  if  it  were  a  how-line,  the  length  of  the  run 
being  divided  into  the  same  number  of  parts  as  the  semi-circle. 
These  lines  must  be  prolonged  aft,  beyond  the  points  thus  found, 
to  a  distance  equal  to  that  part  of  the  line  intercepted  between 
the  semi-circle  of  constniction,  848,  and  the  main  breadth,  8  8. 
The  last  found  points  in  the  parallel  lines  give  the  lino  of  rtiain 
breadth. 

*  The  radina  of  this  cirola  being  J  of  the  eitreme  breadth. 
f  In  this  case  eight  parts  are  chosen. 

X  Or  the  perpendiealarB  to  the  oentre  line  on  the  points  of  division  of  the  entrance 
which  intersect  parallela  to  the  centre  line  through  the  pointe  of  division  on  the  Eemi- 
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The  chief  water-line  of  the  liow  and  of  the  stern,  or  the  lines  of 
entrance  and  of  run  for  the  greatest  speed  which  the  given  length 
will  admit,  are  thus  formed.  The  lines  thus  given  are  absolute,  and 
will  admit  of  no  deviation  without  some  loss.  Nevertheless,  some 
modification  in  the  application  of  these  lines  may  he  admitted  as 
expedient,  and  one  of  theni  is  obvious.   ■ 

It  will  be  seen  that  the  point  of  the  bow  is  so  extremely  sharp  that 
it  would  be  in  continual  danger  of  cutting  everything  that  it  touched, 
and  being  so  fine  would  run  risk  of  being  crushed  by  rough  usage. 
The  stem  also,  for  the  rough  work  of  a  ship,  must  be  of  considerable 
thictness ;  and  tlie  practical  question  is :  How  can  the  line  at  the 
bow  be  altered  to  get  this  thickness?  Shall  the  fine  part  be  cut  off 
and  thus  shorten  the  vessel?  If  so,  she  will  be  too  short  for  the 
length  determined  on. 

The  answer  to  the  question  is :  Draw  the  bow  a  few  feet  longer 
than  it  is  intended  the  ship  shall  be ;  then  cut  ofi"  this  water-line  to 
the  length  it  is  intended  to  keep.  The  result  obtained  is  a  thickness 
of  some  inches  between  the  two  sides  of  the  water-line,  which  is 
enough  for  the  materials  of  the  stem.  By  tliis  means  is  obtained  the 
extreme  length  required,  and  also  the  strength  of  stem  necessary  for 
durability ;  and  it  may  also  be  obser^'ed  that  the  bow  thus  gained  is 
of  slightly  greater  capacity  than  the  first  attenuated  line.  This  is, 
therefore,  called  "the  corrected  water-line  of  the  bow."  No  such 
adjustment  is  necessary  at  the  stern.  It  is  enough  there  to  insert  the 
stem-post  simply  by  increasing  the  breadth  between  the  lines  to 
admit  the  thickness  of  the  stem-post — a  deviation  insufBcient  to 
cause  a  sensible  difference  in  the  performance  of  the  ship. 

There  is  another  modification  of  these  water-lines  of  the  fore  and 
after  1  od  es    1  ch  mij  re^u  re  furtl  er  con.,  derat    n      B  th  e  tnn  e 
a  d  run  have  1  een  put       tl  e  «ame  j  lane       tl  the  i  te  t    n  ot  le 
mg  them  so  n  the  con  tru  t  on  of  the    h  j    1  ut  t  maj  be  necess^rJ 
afterwtrd  for  son  e  g,ood  reason  to  change  t 

The  con  tr  ctor  must  be  pre]  ared  to  do  Tl  e  n  a  n      ate 

1  ne  may  require  to  „o  lo   er  or  1  ^,1  er  m  the  ve     1  tl    n       n  v, 
proposed  a    1  the  after  pa  t  of    t    ntj  ha  e  to  gn  h  ^her    r  lo   er 
thin   tie    fore  pat     n   o  ler  to   ga  n  s   ne   a]vintip,e     but  tl 
ha  ge  mav  be  effe  ted     t  nee     arj        th  ut  t     alt     n^ 

the    1  a      t        f  the   1  ne   al       ly    1  1  In  rj    to 
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alter  tiie  heiglit  at  ivhieh  it  should  be  placed,  and  not  even  that, 
unless  required. 

(3.)  The  sheer  plan. 

This  gives  the  entire  outline  of  the  ship  as  we  look  at  her  sideways. 
The  top  line,  or  upper  boundary,  is  the  line  of  her  deck  or  bulwark, 
or  in  short  the  top  of  the  ship,  which  must  be  laid  down  in  order  to 
construct  the  chief  buttock-line  (see  page  144)  ;  the  bottom  is  the  line 
of  her  Jceel,  the  front  is  the  line  of  her  stem  or  cut-dvater,  and  the  after 
part  is  the  line  of  her  stem-pod. 

Begin  with  the  stem,  and  make  that  line  follow  tho  form  of  the 
chief  buttock-line  and  gradually  grow  out  of  it.  This  ought  to  be  so, 
because  buttock-lines  bound  equal  thicknesses  of  the  ship,  and  a  stem 
is  merely  a  thin  slice  of  the  ship,  and  therefore  follows  one  of  the 
buttock -lines.  As  a  matter  of  beauty  and  of  reason,  therefore,  it 
should  be  made  a  buttock-line  in  order  that  the  outline  may  harmon- 
ize with  the  general  form. 

The  form  of  the  stem  will  depend  on  the  decision  taken  with 
regard  to  the  deck-line  and  the  buttock-line,  and  if  the  deck-line 
be  kept  well  aft,  so  that  the  main  buttock-line  tumbles  home,  the 
stem  above  the  water  will  be  curved  backward,  and  so  be  in  unison 
with  the  tumble-home  bow,  and  it  will  be  the  contrary  If  the  clipper 
bow  be  adopted.  Above  the  water,  however,  the  mere  form  of  the 
stem  itself  is  a  matter,  to  some  extent,  of  taste  or  fancy.  If  the 
general  character  of  the  bow  give  good  butteck-Iines,  it  will  not 
matter  much  whetlier  the  stem  to  which  they  are  joined  curve  out  or 
in,  except  that  it  will  ahviys  be  better  for  the  stem  to  harmonize 
with  the  character  of  the  bow  of  which  it  forms  the  conspicuous  out^ 
line.    Some  constructors,  however,  leave  it  perpendicular. 

Below  the  water,  on  the  contrary,  the  form  of  the  bow  is  of  the 
greatest  practical  value.  It  has  been  usual  to  carry  the  stem  down 
to  an  angle  with  the  keel,  and  continue  the  keel  forward  to  meet  the 
stem,  thus  forming  what  is  called  "the  fore-fool^'  of  the  ship,  giving 
it  a  great  gripe  or  hold  of  the  water.  Tliis  gripe  and  fore-foot  have 
every  bad  quality,  being  weak  in  structure  and  making  the  vessel 
hard  to  steer.  It  is  thought  better  to  cut  it  all  off,  following  the 
shape  of  the  other  huttock-linea,  and  further  to  carry  this  rounding 
a  great  way  back,  say  to  one-sixth  of  the  whole  length  of  the  ship.* 

s  Sei;  drawing  of  the  jaoht  "  America." 
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By  this,  not  only  does  the  constructor  diminish  the  fore  gripe  and 
ease  the  steerage,  but  the  stem  and  fore-foot  is  kept  out  of  harm's 
way ;  and  this  has  been  known  to  save  repairs  and  contribute  to  the 
safety  of  the  ship.  "When  turning  in  narrow  channels,  when  steering 
in  intricate  or  shallow  waters,  or  performing  evolutions  under  difficult 
circumstances,  the  fact  that  there  is  no  thin,  protruding  part  near  the 
bottom  to  touch  the  ground  and  be  broken  off,  or  to  impede  or  alter 
the  movement  or  direction  of  the  Yessel,  is  often  of  great  consequence. 

By  a  gentle  curve  at  the  stem,  therefore,  the  fore-keel  and  fore-foot 
are  kept  out  of  harm's  way,  and  the  same  may  generally  be  done  at 
the  stern,  where  dead  wood  can  be  spared.  By  curving  the  after 
pait  of  the  keel  upward,  like  the  stem,  both  keel  and  rudder  are 
often  saved  and  the  ability  to  turn  the  ship  certainly  facilitated ;  of 
course  it  is  done  to  a  much  less  extent  at  the  stern,  as  several  feet  of 
gripe  at  the  bow  will  correspond  with  a  few  inches  of  trim  by  the  stem. 

But,  though  the  keel  and  fore-foot  are  thus  curved,  the  whole 
central  part  cf  the  keel  should  be  kept  perfectly  straight— if  for  no 
other  purpose  than  to  be  able  to  support  the  middle  of  the  ship  on 
blocks  in  the  dock.  This  is  obviously  necessary,  since  otherwise  the 
keel  would  rest  merely  on  points,  instead  of  being  uniformly  supported ; 
though  in  the  dock  it  is  rather  an  advantage  that  tlie  two  ends  of  the 
ship  should  not  be  borne  by  the  blocks,  unless  they  require  special 
repairs,  when  they  can  be  then  propped  up  as  may  be  needful. 

It  is  not  necessary  that  the  kee!  should  be  parallel  to  the  water- 
line,  except  where  there  is  a  narrow  limit  to  the  extreme  draft  of 
waf«r;  in  which  case,  the  keel  should  be  parallel  to  the  load  water- 
line;  in  most  other  cases  it  should  ineli^e  downward  at  the  stem,  so 
that  the  vessel  will  draw  more  water  afl  than  forward. 

In  the  case  of  screw  steamers  of  great  power,  it  is  a  necessity  to 
have  tliis  draft  in  order  to  get  the  screw  sufficiently  large  and  suf- 
ficiently under  water  for  effective  power;  while  it  is  convenient  in 
sailing  vessels  to  be  able  to  carry  a  large  sail  area  on  the  after  part 
of  the  ship,  for  which  greater  depth  of  keel  aft  than  forward  affords 
the  necessary  facility.  It  is  convenient,  frequently,  for  the  same 
purposes,  that  a  vessel  when  light  should  draw  very  much  more 
water  aft  than  forward,  and  that  her  lading  should  bring  her  down 
gradually  to  an  even  keel.  This  greater  draft  aft  than  forward  is 
reckoned  a  main  element  in  tier  trim. 
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Another  element  of  the  sheer  plan  is  the  rake  of  the  stern-post,  and 
great  license  ia  allowed  here.  The  constructor  may  have  the  stern- 
post  straight  up  and  down,  so  as  to  make  the  rudder  pivot  fairly,  or 
he  may  incline  the  head  of  the  rudder  back  behind  the  pei-pendicnlar 
at  an  angle,  or  he  may  incline  the  heel  of  the  rudder  forward  of  the 
perpendicular ;  indeed,  he  may  make  the  line  of  the  rudder  cross  the 
perpendicular  at  any  angle  he  may  choose.  In  thej^rai  case,  he  will 
maintain  the  balance  of  his  original  draught;  in  the  second,  he  will 
extend  the  deadwood  and  increase  the  lateral  resistance  to  leeward- 
liness ;  wliile  in  the  third,  he  will  decrease  tlie  lateral  resistance,  but 
increase  handiness.  In  every  intermediate  degree  between  these 
two,  he  will   gain   one   of  these   qualities   at   the  sacrifice   of  the 

The  effect  of  this  inclination  on  the  rudder  itself  must  not  be  for- 
gotten. The  inclination  of  a  rudder  increases  its  power  to  turn  the 
ship,  but  it  also  increases  the  resistance  which  the  application  of 
rudder  offers  in  every  degree  to  the  progress  of  the  ship  through  the 
water.  The  action  of.  the  rudder,  as  has  been  already  stated,  is  of 
the  nature  of  a  hindrance  to  one  side  of  the  ship,  so  as  to  allow  the 
other  side  to  go  forward  at  greater  spe«d,  thus  turning  the  ship ;  but 
the  inclination  of  the  rudder-post  has  a  double  effect,  by  which, 
when  the  rudder  is  held  over,  not  only  is  one  side  of  the  ship  hin- 
dered, but  a  certain  quantity  of  the  water  which  strikes  the  rudder 
is  divertsd  upward  as  well  as  to  one  side.  Nevertheless,  a  certain 
amount  of  rake  should  be  given  where  very  great  power  of  rudder  is 
needed. 

Next  comes  the  question  of  rake  of  counter  and  rake  of  stem.  It 
is  thought  best  to  allow  the  buttock-lines  to  decide  the  rake  of  the 
counter,  so  that  when  the  stem  is  deep  in  the  water  the  counter  may 
be  a  continuation  of  the  true  form  of  the  ship  and  of  her  lines.  A 
good  counter  of  this  sort  will  help  the  ship  when  the  stem  happens  to 
be  buried  in  the  waves.  As  to  rake  of  stem,  it  seems  to  be  a  matter 
of  fancy,  yet  it  is  better  that  the  stem  should  rake  outward  rather 
than  it  should  tumble  home. 

The  upper  boundary  line,  which  appears  to  finish  the  ship,  is 
called  "  the  sheer-line,"  and  is  also  a  mere  matter  of  taste,  though 
aome  points  of  it  have  more  or  less  reason.  In  looking  at  a  ship 
which  has  little  sheer,  she  is  apt  to  have  the  appearance,  contrary  to 


Hosted  by  Google 


144  KATAL    ARCHITECTURE. 

tie  truth,  of  being  rouaded  down — that  is  to  say,  as  if  drooped  at  the 
ends.  Now  this  is  universally  agreed  to  be  so  ugly  that  a  consider- 
able sheer  at  the  bow  and  somewhat  less  at  the  stem,  are  necessary 
to  counteract  it.  Experience  gives  for  a  vessel  of  200  feet  lengthj  a 
sheer  or  rise  of  about  2  feet  at  the  bow  and  about  8  inches  at  the 
stem,  but  this  is  frequently  exceeded. 

So  much  for  the  quantity  of  sheer.  The  quality  of  it  depends  on 
the  exact  curve  which  may  be  adopted.  A  parabola  is  deemed  best 
for  the  sheer  curve,  and  to  trace  it  proceed  as  follows :  Dividing  the 
vessel  into  ten  equal  parts — six  forward  and  four  abaft— rise  forward 
successively  1,  4,  9,  16,  25  and  86  inches,  and  abaft  i,  2,  4i  and  8 
inches.  This  gives  a  total  spring  of  3  feet  forward  and  of  8  inches 
aft,  and  makes  the  bow  28  inehes  higher  out  of  the  water  than  the 
stem.  This  proportion  will  serve  for  vessels  over  200  feet  in  length; 
but  for  smaller  ones  it  would  be  an  excess.  Nevertheless,  it  is  to  be 
observed  that  even  in  very  small  vessels,  especially  when  low  on  tlie 
water,  a  considerable  sheer  forward  is  useful  to  keep  them  dry. 

The  sheer  line  is  important  in  its  structure  thus  far,  thirt  it  is  usual 
to  make  the  planking  of  the  upper  part  of  the  ship,  the  line  of  the 
ports  and  the  line  of  the  decks  follow  the  line  of  sheer,  though  it  is 
sometimes  convenient  to  deviate  from  this  usual  rule,  and  to  make 
the  decks  follow  any  line  that  may  be  convenient  ibr  the  ioternal 
arrangements. 

For  example,  when  a  large  and  roomy  forecastle  is  needed,  with- 
out deforming  the  ship  by  raising  the  forecastle  above  the  bulwarks, 
it  can  he  obtained  by  running  the  line  of  the  deck  straight  fonvard 
on  the  level,  and  so  following  the  level  of  the  water-line  instead  of 
the  sheer  of  the  rail.  In  this  way  the  height  of  the  top  of  the  bul- 
wark above  the  deck,  which  amidships  might  be  5  feet,  might  be  8 
feet  at  the  stem,  and  there  is  no  practical  inconvenience  from  this 
which  is  not  more  than  compensated  for  by  strength  and  usefulness. 

(4.)   On  the  ekief  vertical  longitudinal  seelion  or  hittoek-Hne. 

In  the  construction  of  this  line  there  is  much  room  for  judgment ; 
for  though  it  does  not  possess  such  properties  of  its  own  as  the  water- 
line  and  midship  section,  it  Kas  the  power  of  either  increasmg  the 
good  qualities  or  aggravating  the  evils  which  the  ship  will  denve 
from  those  two  primary  lines.  It  is  only  secondary  in  impoitance  to 
these,  because  by  its  means  all  the  possible  good  springing;  from  the 
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othere  may  be  favorably  developed,  marred  or  neutralized.  It  hap- 
pens, also,  that  this  has  not  heretofore  received  the  attention  it 
deserves  ;  in  many  designs  it  is  not  even  to  be  found.  It  is  believed 
that  its  good  qualities  tend  materially  to  the  ease,  dryness,  comfort 
and  safety  of  sea-going  ships.  Vessels  for  river  service  may  afford  to 
neglect  it,  but  a  practiced  eye  can  detect  in  the  feults  of  this  line 
almost  instantaneously  the  bad  sea-going  qualities  of  i 


The  chief  buttock-line  should  be  placed  in  a  vertical  plane  paral- 
lel to  the  plane  of  the  keel  and  the  perpendiculars  or  central  plane 
of  the  ship,  and  at  one-fourth  of  her  breadth  from  the  plane  on  both 
sides. 

In  ordinary  ships  this  line  will  be  found  to  be  of  a  most  variable, 
vague  and  nondescript  character.  The  "wave"  theory  adopts  for  it 
the  vertical  line  of  a  sea  wave,  and  it  is  thought  that  its  conformity 
to  that  shape  has  everything  to  do  with  the  ease  of  the  vessel  at  sea. 
The  vertical  section  of  the  common  sea  wave  is  the  common  cycloid. 
This  must  be  elongated  for  a  long,  low  vessel,  and  compressed  for  a 
short  one.  'Three  points  through  which  it  must  pass 'have  already 
been  determined  by  the  midship  section  and  by  the  water-line,  be- 
cause, as  this  line  is  distant  from  the  centre  one-fourth  part  of  the 
breadth,  it  must  cross  those  three  lines  whei-e  they  cross  this  vertical 
plane.  These  three  points  are  the  only  ones  which  do  not  admit  of 
a  free  choice ;  and  it  remains  a  part  of  the  skill  of  the  constructor  to 
adopt  such  a  cycloid  as  may  consist  with  his  general  design  and 
with  the  use  of  the  ship.  Each  of  the  three  midship  sections  given 
places  the  bottom  of  the  buttock-line  at  a  different  depth  under 
water,  and  each  of  the  three  requires  a  different  cycloidal  line  to  fit 
it.  The  nature  of  this  cycloidal  line  has  been  long  known  to  mathe- 
maticians as  the  only  line  in  which  a  pendulum  can  so  swing  that 
its  vibrations,  whatever  their  extent,  shall  be  equal-timed.  There  is 
a  remarkable  analogy  between  the  swing  of  a  pendulum  and  tho 
roll  of  a  ship,  and  there  is  an  equally  strong  resemblance  between 
the  forces  which  exist  in  a  wave  and  the  forces  which  act  on  a  pen- 
dulum ;  while  the  mathematics  of  a  wave  and  of  a  cycloidal  pendu- 
lum are  nearly  identical. 

When,  therefore,  it  was  discovered  that  the  forces  which  replace 
the  water  in  the  "run"  of  a  ship  are  of  the  same  nature  as  the  forces 
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actuating  a  wind  wave  at  sea  in  the  vertical  position,  by  this  dis- 
covery came  the  key  to  the  vertical  lines  of  the  after  body  of  the 
ship ;  so  the  vertical  lines  of  the  fore  body  were  contrived  in  the 
belief  that  wind  waves  coming  into  collision  with  a  body  already 
perfectly  fitted  to  the  form  which  they  themselves  take  in  undulating, 
unresisted  free  motion,  would  not  be  broken,  but  would  have  free 
way,  and  that  they  would  glide  as  smoothly  over  the  face  of  a  solid 
cj-cloid  as  the  layers  of  the  same  wave  glide  over  one  another. 

Experience  proved  this  to  be  so,  and  a  vertical  cycloid  thus  became 
the  buttock-line  of  the  bow  of  an  easy  and  dry  ship,  just  as  it  had 
already  become  the  easy  run  of  the  wave  of  replacement  in  the  stem 
of  the  ship. 

The  chief  buttock-line  is,  therefore,'  described  in  the  following 
manner :  Tbe  after  part  is  formed  from  a  semi-circle,  the  bottom  of 
which  is  at  the  intersection  of  the  midship  section  with  the  vertical 
plane,  and  of  which  the  uppermost  point  is  as  high  out  of  the  water 
as  the  constructor  may  choose  to  carry  the  bulwark.  From  this 
describe  a  cycloid,  and  cut  off  as  much  of  tlie  cycloid  as  may  be 
desirable  to  adapt  the  portion  of  the  stern  beyond  the  perjtendicular — 
a  point  which  is  a  matter  of  room  and  comfort  merdy.  There  is 
choice  as  to  whether  the  bow  shall  much  overhang  the  water,  or  rise 
up  pretty  square,  or  tumble  home,*  For  a  vessel  low  in  the  water, 
the  first  might  be  adopted,  but  never  for  a  vessel  high  out  of  the 
water. 

(5.)   On  file  main-deeJe  line. 

By  the  main-deck  line  is  meant  the  outline  of  that  deck  which  is 
intended  to  be  kept  in  all  circumstances  well  out  of  the  water.  It  is 
this  which  constitutes  the  chief  gun  deck  of  a  vessel  of  war ;  on  which 
it  is  necessary,  in  all  ordinary  weather,  that  the  ports  should  be  open 
without  the  sea  entering. 

The  choice  of  a  deck  line  has  a  great  deal  to  do  with  the  useful- 
ness of  a  ship  for  its  purpose — more  even  than  her  behavior  at  sea. 
This  main  or  construction  deck  is,  in  small  vessels,  the  uppermost  or 
spar  deck ;  but  in  larger  vessels  there  is  a  spar  deck  above  it ;  in  the 
old  three-deckers  there  were  three  decks  above  it ;  and  in  the  "  Great 

*  The  "  tumble-home"  bow  ix  thought  to  he  the  drjeat  and  easLeat  in  a  sea,  but  there 
ia  the  Tertical  cycloid  between  the  two.  Eaoh  proportion  and  kind  of  vessel  has  its 
corresponding  cycloid. 
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Eastern"  there  are  four  decks  above  it  and  four  below.  As  a  genei-al 
rule,  also,  when  a  vessel  is  deeply  laden,  this  deck  is  an  eighth  or  a 
tenth  of  the  beam  of  the  ship  above  the  water., 

A  little  consideration  of  the  purposes  of  a  main  deck  will  serve  to 
indicate  how  various 'its  shape  maybe.  In  a  vessel  meant  to  be  fast, 
its  point  should  be  like  the  bow  of  the  ship,  fine  and  sharp,  because, 
if  a  full,  bluff  deck  is  put  on  the  top  of  a  fine,  fast  bow,  the  ship  is 
given  tlie  bad  quality  of  pitching  in  a  sea  way ;  the  fullness  of  tlie 
deck  line  will  also  take  from  the  speed,  counteracting  the  very 
quality  intended  to  be  gained  by  the  sharp  bow  under  water. 

The  ai^ument  in  favor  of  sharpness  seems  inconsistent  with  a 
roomy  deck  forward,  which  is  usually  obtained  by  a  broad  bell  bow, 
flaring  out  wide  over  the  water.  Such  a  bow  the  old  school  still 
believe  in,  and  modern  constructors  would  never  have  succeeded  in 
introducing  the  fine  sharp  deck  in  opposition  to  traditional  prejudice, 
had  it  not  been  that  the  full  deck  line  was  found  fatal  to  speed. 

There  can  be  no  doubt  that  in  fine  weather  a  large,  roomy  deck 
forward  is  convenient  for  doing  the  work  of  the  ship  comfortably 
and  handily.  It  is  far  more  convenient  in  the  man-of-war  than  in 
the  merchant  ship,  since  in  eliasing  it  is  desirable  to  work  chase 
guns  through  the  bow  porls  clear  of  everything,  and  to  work  them 
well  in  that  position.  It  has  been  pretended  that  it  was  impossible 
to  do  tliis  on  a  sharp,  fine  deck  line,  but  this  has  proved  a  crotchet 
of  the  past. 

Tlie  simple  fact  is,  that  the  roominess,  dryness  and  comfort  of  a 
full  deck  Imc,  instead  of  a  fine  one,  is  mere  impression  or  belief — 
nothing  more.  If  it  is  imagined  that  a  fine  bow  is  got  by  cutting  ofi" 
so  much  room  from  a  full  bow,  and  so  diminishing  the  extent  of 
available  deck  room  for  working  ship,  then  the  fine  bow  may  be 
considered  narrow  and  confined,  but  the  practical  fact  is  the  con- 
trary of  this.  The  fine  deck  line  of  a  modern  fast  ship  is  not  got  by 
cutting  anything  ofi'  the  length,  or  ofl'  the  width,  or  off  the  roomi- 
ness of  a  deck ;  the  sharp  bow  is  obtained  by  adding  on  a  fine 
entrance  to  a  bluff  one,  and  by  lengthening  the  deck ;  the  full  parts 
of  the  ship  aid  of  the  deck  remain  where  tliey  were.  All  that  is 
necessary,  therefore,  is  to  see  that  the  working  parts  of  the  ship  shall, 
in  the  fine  bow,  be  kept  well  aft  in  the  broad,  open  space  of  the  deck, 
and  not  crammed  forward  into  the  narrow  space  superadded,  which 
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should  be  kept  perfectly  clear.  It  is  a  fiirther  peculiarity  of  the  fine 
bow  and  deck  line,  that  the  foremast  stands  much  farther  aft  tlian.  in 
the  old  full  bow,  and  that  there  is  more  room  fonvard  of  the  mast; 
but  care  must  be  taken  to  keep  windlass  or  capstan,  catlieads  and 
anchors,  and  all  working  parts  of  the  bow,  well  aft — not  for  room 
merely,  but"  also  to  keep  heavy  weights  out  of  the  extreme  bow  of 
the  ship,  where  they  are  always  detrimental. 

It  is  sometimes  a  good  plan  to  cover  in  tbe  whole  of  the  fine  part 
of  a  deck  forward,  with  a  light  forecastle,  bulkheaded  off,  especially 
in  iron  ships.  It  is  a  great  convenience',  and  affords  good  quarters 
for  the  crew ;  it  keeps  the  head  liglit  and  dry,  wbile  abaft  the  fore- 
castle, a  broad,  roomy  deck  is  still  to  be  found.  There  is,  however, 
another  way  of  giving  a  roomy  deck  on  a  sharp-bowed  vessel,  and  it 
has  been  tried  witb  success  in  men-of-war.  An  extremely  fine  bow 
has  been  made  to  carry  two  long  guns,  parallel  to  the  keel,  through 
two  wide  ports,  with  ample  room  all  around  to  train  and  work  them 
freely.  This  was  accomplished  by  shortening  the  deck,  or  stopping 
it  very  much  short  of  the  bow,  carrying  the  bulwark  round  the  boiv 
considerably  behind  the  stem ;  the  real  deck  beyond  the  bulwark 
forming  part  of  the  head,  which,  instead  of  being  grated  and  over- 
hanging the  sea,  had  a  solid  oak  deck  over  the  greater  part  of  it, 
leaving  the  head  as  convenient  as  before.  In  this  way  the  bulwark 
of  the  deck  left  the  real  line  of  the  ship  30  feet  short  of  the  stem. 

There  is  yet  another  way  of  placing  a  full,  round,  capacious  deck 
line  on  a  fine,  hollow,  fiist  water-line,  and  yet  perfectly  reconciling 
them  one  to  another,  so  as  to  form  a  handsome,  symmetrical  sea- 
going vessel.  This  is  to  carry  out  the  tumble-home  bow,  which 
makes  a  vessel  dry,  easy  and  safe.  To  cai-ry  out  this  system,  it  is 
only  necessary  to  take  a  tolerably  foil,  easy  deck  line,  composed  of 
two  circular  or  two  parabolic  arcs,  laying  them  over  the  water-line, 
and  so  far  behind  it  as  to  be  easily  reconciled  with  it  by  means  of 
the  eycloidal  buttock-line ;  a  process  which  will  be  guided  in  a  great 
measure  by  the  point  at  which  the  eycloidal  buttock-line  already 
drawn  meets  the  level  of  the  deck. 

Large,  capacious,  roomy  stems  are  part  of  the  ^feve  form,  and 
though  apparently  unsightly,  give  great  room  with  less  cost  and 
sacrifice  than  any  other  part  of  the  vessel.  A  small,  handsome,  light 
stern  may  be  pretty  as  an  eye  model,  but  it  is  a  costly  whim.     There 
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are  no  good  qualities  in  a  ship  which  are  not  improved,  and  no 
economy  which  is  not  enhanced,  by  a  large  roomy  stern  and  deck 
line.  In  a  merchantman,  it  gives  large  passenger  cabins,  airy  as  well 
as  i-oomy,  and  is  that  part  of  a  ship  which  pava  the  c\;ner  best 
In  the  ship  of  war,  it  gives  a  fine,  roomy  poop  ind  plentj  of  space 
for  working  a  heavy  pivot  gun.  But  tlie  roominess  and  tullneia  of 
the  stern  in  the  neighborhood  of  the  deck  line  is  the  greatest  ele 
ment  of  safety  in  that  most  perilous  of  positions  «cuddmg  in  a  hLi\y 
galeandsea;  and  in  most  eases  may  be  used  with  ad\antage  to  em 
brace  the  stability  and  sea-going  qualities  of  the  vessel. 

The  best  way  to  turn  the  stern  to  advantage  for  room  and  whole- 
someness  is  to  carry  the  breadth  on  deck  well  aft,  to  taper  the  ship 
in  toward  the  stern  but  little,  and  even,  if  neeessarj-,  to  carry  the 
projection  of  the  stem  a  good  way  abaft  and  beyoud  the  perpendicu- 
lar, following,  however,  and  not  extending  beyond  the  vertical  but- 
tock-line already  given.  But  then  a  question  arises,  Shall  the  stem 
be  round  or  square  ?  The  answer  is  that  its  bulk  is  the  main  point ; 
its  shape  is  of  less  coiisec[uence.  If,  as  a  matter  of  taste,  the  comers 
are  cut  off,  it  becomes  a  round  stem;  and  nothing  is  more  common 
than  to  see  constmctors  cut  off  the  stern  inside  and  then  stick  quarter 
galleries  on  the  outside  to  make  up  for  the  corners  cut  off.  'When 
little  is  cut  off,  it  is  usually  called  a  i  e/?  j  1  cal  tern"  although  it 
never  is  an  ellipse ;  and\ibcn  much  la  cutoff  it  is  called  "  rotwiiZ," 
though  it  never  is  circular  So  fir  a  the  qualities  of  the  ship  are 
concerned,  the  precipe  outline  of  the  deck  astern  is  of  little  import- 

The  constructor  is  now  piepared  to  a  lopt  a  definite  form  for  his 
deck  line,  which  is  plainlj  a  ccmpound  jffair  of  policy  and  taste. 
For  a  trial  line  it  is  thought  best  to  uae  forward  tuo  arcs  of  a  circle, 
intersecting  at  the  bsw  and  having  their  centres  on  aline  drawn 
athwartship,  halfway  between  the  perpendiculars  thence  inclining 
by  two  parabolic  arcs  gradually  nirioning  to  the  breadth  ot  the 
intended  stem ;  and  f  r  that  brea  1th  the  constructs  r  should  adopt,  at 
the  point  where  it  pa.*^?  the  perpeii  licular  some  specific  piopoition 
— (!,  7  or  8  tenths  of  the  mid.1  ii  brea  1th  finiahing  with  whatever 
straight  line  or  eurv  miv  ha\e  1  een  lete  mined  n  as  regards  loom 
at  the  stern.  Indeel  in  a  ^es.cl  cf  no  ^re\\.  len  th,  and  without 
much  overhanging      unte     no  1    i  i  i    likely  t      ii  t,  fiom  canning 
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the  full  breadth  of  the  deck  amidships  right  aft  to  the  stem,  with 
merely  sufficient  curvature  to  give  an  agreeable  line. 

The  completion  of  the  design  now  requires  that  these  four  ruling 
lines  be  reconciled  with  one  another.  In  this  operation  what  the 
constructor  must  keep  mainly  in  view  is  to  extend  as  tar  as  possible, 
through  all  the  remaining  lines  of  the  ship,  the  good  (qualities  which 
have  been  established  in  the  ruling  line's. 

(6.)   On  the  lower  viaier-Knes, 

It  is  most  desirable  that  the  water-lines  of  the  entrance  should  be 
as  exactly  as  possible  of  the  same  form,  on  reduced  breadth,  as  the 
maia  water-lina  There  will  be  f-ome  diiBculty  in  doing  this,  espe- 
cially near  the  keel ;  and  the  tendency  of  these  lines  will  be  to  elon- 
gate themselves  fonvard.  Tliis  is  to  be  avoided.  The  remaining 
water-lines  of  the  after  body  are  to  be  con^itructed  on  nearly  an 
opposite  principle.  They  are  to  deviate  rapidly  from  the  chief  water- 
line  of  tlie  after  body  already  drawn,  and  this  they  will  do  naturally, 
because  the  main  buttock-line  which  rules  the  after  body  compels  the 
water-lines  to  increase  rapidly  in  fluents  as  they  go  down  in  the 
water,  and  to  extend  rapidly  in  fullness  aB  they  rise  to  the  surface; 
thus  giving  what  is  believed  to  be  the  best  kind  of  stern^namcly, 
very  fine  below  and  very  full  above. 

In  this  respect  it  is  a  contrast  to  the  bow,  which  is  kept  as  full  as 
may  be  consistently  with  the  chief  water-line  all  the  way  down.  It 
is  desirable  to  have  at  least  three  complete  water-lines,  in  order  to 
form  a  first  approximation  to  the  complete  calcidation  of  the  ship. 

(7.)   On  ike  comj>lelion  of  the  vertical  avss  secttom  or  body  plan. 

The  cross  sections  are  all  to  be  regarded  as  midship  sections  modi- 
fied, but  each  of  them  giving  to  the  part  of  the  ship  where  it  lies 
qualities  whicli  either  enhance  the  good  qualities  of  the  midship 
section  or  impair  them. 

A  vessel  with  a  fine,  powerful  midship  section  may  easily  he  im- 
paired by  weak  extremities,  and  a  weak  midship  section  may  be  rein- 
forced by  good  cross  sections,  especially  in  the  after  body. 

What  the  designer  has  to  bear  in  mind,  then,  is  to  study  how  far 
he  can  enhance,  support  and  carry  out  the  qualities  of  the  midship 
section  in  the  rest  of  the  body.  In  this  he  will  be  materially  aided 
by  the  choice  which  he  makes  of  that  cross  section  which  ])asses 
through  the  after  perpendicular.     To  this  frame,  being  absolutely 
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out  of  tlie  ivater,  lie  may  give  any  shape  he  pleases ;  and  having  fixed 
this,  he  will  fiad  that  with  the  maiu  buttoct-line  it  rules  the  entire 
forni  of  the  after  body,  and  also  controls  materially  the  surfitce  of 
the  water-line  of  the  stem.  It  is  this  stem  cross  section  which  should 
be  made  very  full,  in  order  to  turn  the  after  body  to  the  best  possible 
account.  But  this  fuUness  must  not  he  abrupt;  otherwise,  when 
rising  and  falling  in  the  sea,  the  counter  may  at  times  strike  the 
water  with  violence. 

The  circumstance  that  this  portion  of  the  vessel  remains  so  entirely 
subject  to  the  will  of  the  designer  makes  it,  for  the  mexperieuccd,  the 
most  difficult  to  decide  and  determine  upon  ;  and  a  greater  variety  of 
forms  will  be  found  in  tlie  region  of  the  stern  above  water  than  in 
any  other  part  of  a  ship.  ^ 

The  vertical  sections  of  the  after  body,  followed  out  in  the  manner 
indicated,  will  be  found  as  they  approadi  the  stem  to  have  become 
very  fine  below  and  very  full  above,  and  so  they  should  be ;  but  in 
the  bow  there  will  generally  be  found  a  similar  tendency  of  the  lines 
to  become  extremely  fine  below  and  to  grow  full  above,  and  there  it 
is  necessary  to  counteract  this  tendency  instead  of  encouraging  it,  as 
abaft.  The  bow  cross  sections  must,  therefore,  be  made  to  maintain 
their  full  breadth  well  down  toward  the  keel,  and  they  must  not 
spread  out  too  rapidly  at  the  surface  of  the  water  and  above  it. 

The  reason  why  the  fullness  should  be  preserved  below  is,  that  it 
is  the  business  of  the  fine  part  of  the  bow,  or  cut-water,  to  displace  or 
remove  the  water  out  of  the  way  of  that  part  of  the  ship  whicli  is  to 
follow ;  and  if  the  bow  part  be  cut  away  too  fine,  this  work  will  not 
be  done,  and  the  part  behind  will  still  have  the  work  of  displacement, 
with  a  bluffer  entrance  and  a  shorter  time  to  do  it  in ;  which  is  the 
same  as  to  say  that  it  would  then  require  unnecessary  force  by  caus- 
ing unnecessary  resistance.  The  main  water-line  having,  therefore, 
already  rendered  the  bow  sufficiently  fine  for  the  service  of  dividing 
the  water,  care  must  be  taken  not  to  carry  this  fineness'  farther  than 
necessary,  or  than  it  is  carried  in  the  chief  water-line. 

Much  care  will  be  needed  to  prevent  the  cross  sections  of  the  bow 
from  flaring  out  very  much  to  meet  the  line  of  the  upper  deck.  To 
avoid  this,  keep  that  line  fine,  and  throw  it  as  far  backward  from  the 
fore  perpendicular  as  conveniently  practicable.  The  cycloidal  but- 
tock-Iinc,  properly  used,  will  help  to  throw  the  deck  back  and  to  pre- 
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vent  it  from  spreading  over  the  fine  bow ;  nevertheless  jt  will  always 
be  difficult  to  reconcile  tbe  wave  water-line,  the  fuU  dtfk  -md  the 
cycloidaj  butfock-line ;  but  when  it  is  well  done,  it  makes  the  most 
beautiful  as  well  as  the  best  of  all  sea  bows.  In  -ve  els  for  ri\er 
service  it  do^  not  matter  how  much  the  deck  flares  out  or  how 
much  it  overhangs  the  water;  it  is  in  the  open  sea  that  the  tiue  skill 
of  the  naval  architect  ia  to  be  developed. 

It  is  not  the  best  voyage  in  fine  weather,  but  the  best  behavior  in 
bad  weather,  which  gives  reputation  to  the  truly  seaworthy  ship. 
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Theke  is  hardly  a  vessel  at  the  present  day  (at  least  abroad)  which 
possesses  high  speed  with  a  moderate  coDsumption  of  fuel  which  doea 
not  possess  a  certain  number  of  the  characteristics  of  the  "wave" 
principle.  Nearly  all  eminent  and  scientific  as  well  as  practical  con- 
structors and  builders  have  adopted  the  main  features  of  the  wave 
system  and  carried  them  out  successfully  in  practice. 

It  is  quite  possible,  however,  to  understand  the  wave  principle 
and  yet  design  a  bad  ship.  Knowledge  of  the  principle  does  not 
Buperaede  the  knowledge  of  other  principles  of  naval  construction ; 
it  merely  adds  to  their  number.  All  it  does  is  to  enable  a  scientific 
architect  to  combine  with  certainty  the  properties  of  high  speed, 
small  resistance,  economical  transport  and  sea-going  qualities  under 
circumstances  where  formerly  it  was  guesswork  merely. 

The  following  are  the  main  points  of  practical  construction  deter- 
mined by  the  wave  system : 

1st.  The  entrance  of  a  skip  designed  on  this  principle  may  liave  a 
HOLLOW  viaier-line.  The  advantage  of  a  hollow  line  is,  that  if  the 
material  of  the  ship  is  wood,  the  structure  is  much  more  easy  (hollow 
lines  having  a  strong  tendency  to  creep  into  any  ship's  design)  and 
stronger  than  a  convex  bow  water-line.  In  any  structure  the  hollow 
line  has  the  virtue  of  diminishing  the  room  for  carrying  weights  in 
those  parts  of  a  ship  where  it  is  injurious  to  sea-going  qualities  to 
carry  theia,* 

2d"  The  "run"  of  a  skip  may  have  a  convex  water-line.  The  iine 
run  of  the  old-fashioned,  bluff-bowed  ships  was  given  on  account  of 

»  To  carrj  weights  (as  in  wava  ships)  neat  the  middle  and  relievo  the  ends  is  to 
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st««ring  qualities,  since  a  full-bowed  ship  nvust  have  a  fine  run  in 
order  to  steer  well.  The  fault  of  this  fine  run,  however,  was  that  it 
sacrificed  much  stowage  in  that  part  of  a  \(s»e\  where  it  is  valuable, 
whilst  after  all,  in  many  cases,  it  failed  to  correct  bad  steering. 

The  wove  principle  provides  also  for  a  fine  run,  but  it  does  so  in 
the  right  way  and  in  the  right  place,  as  it  makes  that  fineness  lie 
well  below  the  surface  or  deep  down.  It  shows  tliat  fineness  below 
should  be  well  aft,  and  not  where  capa^iity  is  wanted. 

3d.  The  entrance  of  a  ship  designed  on  the  wave  principle  may  be 
as  Ifftig  as  the  mn  and  even  longer.  This  is  also  a  release  fi-om  the 
trammels  of  the  old  system,  in  which  every  constructor  had  his  own 
proportions — some  2  to  1,  othera  3  to  2,  othei-s  4  to  3,  others  5  to  4, 
and  so  on.  The  knowledge  that  the  "  entrance"  may  be  made  even 
longer  than  tiie  "run"  is  valuable  where  the  length  is  limited,  so 
that  it  is  difficult  to  obtain  by  any  means  a  fine  hollow  bow.  In 
circumstances  of  very  limited  length  this  knowledge  may  be  very 
useful,  especially  in  building  the  small  class  of  sailing  merchant 
vessels,  yachts  and  steamers,  where  good  speed  is  needed  under  re- 
stricted dimensions. 

4th.  The  ttudn  breadth  may  be  placed  nearer  the  stem  than  the  how. 
This  follows  as  a  nece-sary  consequence  of  the  wave  sj'stem,  as  the 
chief  water-line  of  the  entrance  being  made  longer  than  the  mn 
naturally  throws  the  midship  section  farther  back.  It  is  occasionally 
expedient  to  place  the  greatest  breadtii  well  abaft  the  middle  in  the 
upper  water-lines  of  a  vessel,  and  well  forward  of  the  middle  in  the 
lower  water-lines  of  the  same  ship.  This  eipedient  may  be  found 
usefiii  in  forming  designs  for  speed  upon  dimensions  that  are  much 
restricted.  Such  a  distribution  of  breadth  before  and  abaft  the 
middle  may  be  given  by  the  wave  system,  but  by  no  other. 

When  it  is  required  to  consti-uct  the  bow  water-lines  of  a  ship,  of 
which  the  breadth  and  length  of  bow  are  given,  so  as  to  give  the 
vessel  the  form  of  least  resistance  to  passage  through  the  water,  and 
obtain  the  highest  velocity  with  a  given  power,  halve  the  greatest 
breadth  of  the  vessel  at  the  midship  section ;  and  at  the  centre  of 
.  this  breadth,  and  at  right  angles  to  it,  draw  the  centre  line  of 
lei^h  of  the  bow.  On  each  half  breadth  describe  a  semi-circle, 
dividing  it  into,  say,  eight  equal  parts  (fig.  25).  Divide  the  length 
also  mto  an  equal  number  of  equal  parts.     The  divisions  of  the  semi- 
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circle,  reckoned  successiyeiy  from  the  central  line,  indicate  the 
breadths  of  the  water-line  at  the  successive  corresponding  points  of 
the  line  of  length  ;  and  the  line  traced  through  al!  the  points  is  the 
water-line  of  least  resistance  for  a  given  length  of  how  and  hreadth 
of  body — in  short,  the  wave  water-line. 

The  half-breadths  of  the  water-line  are  the  versed,  sines  of  arcs  of 
the  semi-circle  described  on  the  half-breadth,  corresponding  in  order 
to  the  places  where  these  half-breadths  lie  on  the  length.  Tlie  wave 
water-line  is,  therefore,  geometrically  considered,  «  curve  of  versed 
sines,  or  simply  a  curve  of  sines ;  and  this  water-line  is  of  a  similar 
form  to  a  wave  of  tkejirat  order,  propagated  through  water  of  a  con- 
siderable depHh.* 

The  full  bow,  the  straight  bow  and  the  hollow  bow  have  had  for 
some  years  their  respective  advocates  arnong  professional  ship-builders, 
as  the  various  fonns  give  various  qualities — the  practical  problem 
being  to  select  those  forms  most  fit  for  special  use. 

In  regard  to  the  wave  line,  it  is  conceded  that  it  is  inferior  to  the 
convex  in  capacity,  or  displacement,  on  the  same  midship  section  and 
length  of  entrance.  The  convex  water-line  has  (when  of  the  para- 
bolic form)  a  larger  area  than  the  wave-line,  in  the  proportion  of  6.66 
to  5.00. 

For  a  slow  vessel  tlie  parabolic  entrance  has  the  advantage  in 
point  of  capacity.  But  that  will  be  a  mercantile  point  of  comparison 
between  the  value  of  speed  and  capacity  in  a  given  case. 

The  straight-line  entrance  has  no  greater  capacity  than  the  wave- 
line  entrance.  The  advantage  of  the  wave-lme  entrance  over  the 
straight  entrance  is,  that  it  carries  its  capacity  and  weights  in  a  better 
place  and  nearer  the  middle  of  the  ship,  which  is  of  great  importance, 
for  to  remove  weights  from  the  ends  to  the  middle  is  what  every 
constructor  wms  at  and  every  wise  commander  endeavors  to  carry  out. 
This  makes  the  wave  vessel  the  safest  and  best  sea  boat. 
In  the  parabolic  line  the  centre  of  weight  is  0.37  from  the  middle. 
In  the  straight  line,  the  centre  of  weight  is  0.33  from  the  middle. 
In  the  wave  line,  the  centre  of  weight  is  0.29  from  the  middle. 

In  point  of  stability,  the  wave  bow  is  superior  to  the  straight  bow, 
and  in  a  sea  way  the  motion  of  pitching  and  'scending  is  less  in  the 
wave  form  than  in  cither  of  the  others. 
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The  advantages  and  disadvantages  of  tHe  three  bows 
nearly  as  follows : 


Cos  VEX  riKABOLIC. 

Sthaighi  Use. 

W„.L,„. 

Greatest  capacity,  0.li6. 

LeflB  capacity,  O.o. 

Less  capacity,  O.o. 

Greatest  reBietnoce. 

Leaa  resistance. 

Least  resistance. 

Greatest  stability. 

Least  sLabiiily. 

Leas  stability. 

Greatest  pilching. 

Less  pitching. 

Least  pilching. 

Worst  place  for  weights. 

Mean  place  for  weights. 

Best  place  for  weights. 

WocBt  for  strength. 

Mean  for  strength. 

Best  for  strength. 

Worst  for  injury  at  eea. 

Mean  for  injury  at  sea. 

Safest  at  sea. 

Least  speed. 

Mean  speed. 

Greatest  speed. 

Mach  waste  of  power. 

Much  waste  of  power. 

Least  waste  of  power. 

The  wave  line  of  the  after  body  is  less  definite  than  that  of  the 
fore  body,  and  admits  of  variations  which  allow  greater  freedom  of 
choice. 

The  water  in  filling  the  uiaie  abaft  tbe  midship  section  of  a  ship 
takes  the  form  of  a  wwe  of  the  second  order.  That  it  may  fit  it,  the 
run  of  a  ship  onght  to  fit  the  line  of  that  wave. 

To  apply  this  in  practice  to  the  after  body  of  a  ship  of  a  given 
length  and  breadth  of  which  the  water-line  of  the  enti-ance  has  been 
already  formed,  the  run  may  be  divided  into  say  eight  equal  parts 
(fig.  25),  which  call  1,  2,  3,  4,  5,  6,  7,  8.  Describe  a  semi-circle  on 
half  the  main  breadth,  and  divide  it  into  the  same  number  of  equal 
parts  as  the  run,  and  in  the  same  order  draw  lines  from  each  point 
in  the  semi-circle  parallel  to  the  middle  line,  and  equal  to  the  parts 
1,  2,  3,  4,  5,  6,  7,  8  on  the  length.  The  ends  of  these  parallels  ai-e 
points  in  the  water-line  required. 

The  curve  of  the  after  body  is,  therefore,  of  the  kind  commonly 
called  eycloidal  or  troehoidal,  and,  though  not  identical  with  the  curve 
of  the  bow,  belongs  to  the  same  family  of  curves. 

This  curve  is  the  same  as  that  of  the  front  of  a  common  sea  wave 
approaching  a  shore,  and  it  is  the  curve  which  wat«r,  filling  up  an 
opening  artificially  made  in  it,  naturally  assumes  in  the  process  of 
filling  up. 

It  should  be  noticed  tliat  while  tlie  water-line  of  the  bow  has  an 


Hosted  by  Google 


THK    "wave"    system    COMPAUED    WITH    OTHERS.      157 

invariable  concavity,  that  of  the  after  body  may  he  even  quite  convex 
in  extreme  cases.  This  depends  on  the  relative  length  and  breadth 
in  the  after  body,  while  in  the  fore  body  it. is  constant.  The  whole 
of  the  wave  water-lines  of  the  fore  body  may  be  so  constructed  as  to 
follow  all  the  characteristics  of  the  chief  water-line ;  but  in  the  after 
body  those  water-lines  which  are  lower  down  than  the  principal  water- 
line  may,  and  in  many  cases  must  and  should,  vary  entirely  fi^im  that 
of  the  principal  water-line,  which  is  to  be  taken  at  or  near  the  surfece 
of  the  water.  The  reason  for  this  is  that  the  particles  of  water  at  the 
bow,  act«d  on  by  a  wave  fore  body,  do,  in  general,  take  motions 
which  closely  resemble  each  other  from  the  bottom  to  the  top  of  the 
water.  On  the  contrary,  the  particles  entering  the  run  take  motions 
in  entirely  different  planes.  Their  motions  vary  as  follows :  Those 
on  the  surface  move  nearly  in  a  horizontal  plane;  those  near  the 
bottom  nearly  in  a  vertical  plane,  and  the  depth  of  a  ship  materially 
effects  the  direction  of  motion  of  the  particles. 

In  a  shallow  vessel  nmch  of  the  motion  of  the  particles  is  in  a 
vertical  plane  and  little  in  a  horizontal  one ;  in  a  deep  ship  it  is  just 
the  reverse.  The  shape  of  the  midship  section  also  powerfully  affects 
the  direction  of  the  particles  starting  on  their  run  into  the  wake. 

To  determine  the  best  form  of  after  body,  it  is,  therefore,  expedient 
to  construct  a  vertical  wave-line  on  the  run  as  well  as  a  horizontal  one, 
and  in  designing  liglit-draft  vessels  to  give  more  weight  to  the  ver 
tied  wave-line  than  to  the  horizontal  one.  There  is  therefore  jn  thi. 
after  body  a  ware  buttock-Une  as  well  as  a  wave  water-Ijne ;  and  this 
is  useful,  for  the  run  of  a  ship  is  more  complex  than  the  bow,  ip 
consequence  of  the  place  of  the  rudder  being  aft;  the  best  action  of 
the  rudder  being  a  point  to  which  minor  considerations  must  givt 
way.  The  two  lines  therefore  enable  tlie  designer  to  give  more  or  less 
fineness  as  he  finds  it  necessary  to  affect  the  steering  power. 

Screw  vessels  also  require  a  judicious  choice  to  be  made  between 
vertical  and  horizontal  fineness.  Fineness  below  is  considered  much 
more  valuable,  for  the  good  action  of  both  rudder  and  screw,  than 


The  practical  advantages  to  he  given  to  a  ship  by  means  of  the 
ave-line  after  body  are  as  follows : 
Great  capacity  of  after  body ; 
A  very  fine  run  below  water ; 
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Great  area  of  water-line  near  the  surface,  where  it  is  of  course  most 
valuable ; 

Great  stability  of  a  good  sort,  and  given  in  a  good  place  for  sea- 
going qualities ;  and  lastly. 

Least  resistance  and  greatest  economy  of  pewer. 

There  ia,  therefore,  no  principle  given  by  the  wave  method  of  coji- 
straction  more  important  than  the  following:  That  tltere  ie  a  fixed 
proportion  between  Hie  speed  for  which  a  ship  is  to  be  designed  and  the 
length  of  entrance  and  run  which  must  he  given  to  her  in  order  to  fit 
her  for  that  speed. 

The  importance  of  obtaining  such  definite  proportions  has  long  been 
felt  by  practical  men,  it  having  been  found  very  difficult,  by  any 
amount  of  power,  to  push  vessels  of  certain  length  and  shape  through 
the  water  at  high  velocity.  Power  and  money  have  been  wasted  in 
vain  attempts  to  make  ships  of  unsuitable  dimensions  attain  high 
speed.  Vessels  have  been  filled  with  boilers  and  macljinery  designed 
to  compel  the  performance  of  high  velocity.  Instances  are  known 
where  a  double  amount  of  steam  boiler  was  provided  to  compel 
high  speed  in  an  unsuitable  vessel,  and  afterward  these  boilers  had 
to  be  removed,  the  higher  speed  being  found  impossible  in  that  kind 
of  ship,  and  the  highest  speed  of  which  the  ship  was  capable  was 
afterward  brought  out  with  half  the  power.  The  wave  principle  has 
produced  the  proportions  in  Table  XVI. ;  the  cause  which  fixes  these 
proportions  being  that  the  length  of  the  fore  body  of  a  ship  designed 
on  the  wave  principle  must  be  the  same  as  the  length  of  a  wave  of 
the  first  order,  which  moves  with  that  speed ;  while  the  length  of  the 
after  body  must  be  the  same  as  the  length  of  the  front  face  of  a  wave 
of  the  second  order,  moving  with  that  velocity. 

Tlie  wave  system,  therefore,  destroys  the  old  idea  of  any  propor- 
tion of  breadth  to  length  being  required  for  ^eed.  An  absolute 
length  is  required  for  the  entrance  and  run  ;  but  these  being  formed 
in  accordance  with  tlie  wave  principle  for  any  given  speeiJ,  the  breadth 
may  have  any  proportion  to  that  which  the  uses  of  the  ship  and  the 
intentions  of  the  constructor  require.  A.  vessel  meant  to  go  ten 
knots  can  be  efficiently  propelled  at  that  speed,  if  her  length  and 
form  be  right,  whether  she  be  3  feet  beam  or  30  feet.* 

»  Of  course  it  win  be  nrdorstoud  that  the  iicam  paicer  required  to  drive  lier  that 
speed  will  depend  on  the  area  ot  %  soctiOD  and  surface  of  skin  immersed. 
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In  designing  wave  vessels  it  is  necessary,  however,  to  distinguish 
carefully  three  elements  of  construction,  viz. :  The  fore  body,  the  offer 
body  and  the  middle  body.  The  lengths  of  the  fore  body  and  after 
body  are  indicated  by  the  required  speed,  and  if  the  beam  is  fixed,  it 
is  only  by  means  of  a  due  length  of  middle  body  that  the  required 
capacity,  stability  and  such  other  qualities  are  to  be  given  as  will 
make  the  ship  as  a  whole  suit  its  use.  Therefore  middle  body  is  an 
element  demanding  tlie  careful  study  of  the  designer. 

It  only  remains  to  notice  the  errors  sometimes  committed  by  the 
novice  when  designing  vessels  on  the  wave  system.  Finding  that  a 
hollow  water-line  is  admissible,  be  rushes  to  the  extreme  and  makee 
it  too  hollow,  and  gets  increased  resistance;  or  that  a  fine,  long  en- 
trance is  good,  he  makes  it  too  long,  and  gets  increased  surftice ;  or 
that  a  fnll  after  body  is  admissible,  he  makes  it  too  full,  and  spoils 
the  steering  qualities  of  the  vessel. 

On  the  other  hand,  instead  of  going  too  far,  he  may  stop  short  too 
soon.  AVhen  the  water-line  near  the.  bow  is  made  fine  and  the  deck 
allowed  to  remain  full,  tlie  end  of  the  ship  is  overloaded,  .and  so  the 
value  of  carrying  weights  in  the  centre  is  sacrificed  to  a  custom. .  It 
is  most  unwise  not  to  reduce  the  weight  and  bulk  carried  out  of  the 
water.  No  error  is  more  common  than  to  give  wave-line  vessels 
greater  fineness  than  is  required  for  the  special  case,  to  the  sacrifice 
of  the  carrying  qualities  of  the  ship.  The  best  way  of  avoiding  these 
errors  is  for  the  constructor  not  to  adopt  the  system  too  hurriedly, 
nor  introduce  it  too  largely  into  his  first  design.  I-et  him  take  the 
lines  of  a  ship  already  built,  and  only  alter  them  in  a  small  degree 
on  the  wave  principle.  He  will  thus  find  out  how  far  he  has 
made  an  im  pro  vera  ent,  and  how  far  he  has  altered  the  ship's  practi- 
cal points.  Next  time  he  may  make  a  further  change  in  the  same 
direction,  thus  avoiding  the  error  of  rushing  to  an  extreme,  than 
which  there  is  nothing  more  fatal  to  the  success  of  a  new  method. 
A  ship  all  ends  with  no  middle,  all  top  with  no  bottom,  all  dead 
wood  with  no  capacity,  is  precisely  one  of  those  caricatures  of  the 
wave  principle  of  which  the  world  has  seen  a  great  many,  misnamed 
"  clippers,"  in  which  the  true  purposes  and  uses  of  a  ship  have  been 
lost  sight  of  in  the  attempt  to  gain  great  speed  at  the  expense  of  every 
quality  which  makei  speed  desirable. 

To  guard  against  such  errors,  let  it  never  be  forgotten  that  the  end 
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of  all  ship-building  is  to  work  out  the  purposes  of  the  owner,  A 
ship  of  war  has  to  fight,  and  a  merchantman  to  caiTj-  cargo.  To 
build  a  man-of-war  which  cannot  fight  her  batt«ry  is  a  much  greater 
fault  than  to  make  her  slow.  To  build  a  merchant  vessel  so  as  to 
have  great  speed  at  great  cost,  without  the  capacity  necessary  to  re- 
pay the  owner  his  outlay,  is  folly,  since  freight  is  the  owner's  object, 
and  to  earn  the  greatest  freight  is  the  problem  submitted  to  the  con- 
atructor.  When  the  speed  wanted  for  the  trade  is  known,  the  wave 
principle  gives  the  length  of  entrance  and  run  to  obtain  that  speed. 
When  the  cargo  to  be  carried  is  known,  the  constructor  can  say  what 
buoyancy  he  needs,  and  what  length  of  middle  body  will  carry  the 
bulk  and  weight.  When  the  draft  of  water  is  given,  he  is  ready  to 
decide  what  form  of  midship  section  ivill  give  the  stiffness  and 
weatherliness  needed.  When  he  knows  the  weights  to  be  carried 
and  the  bulk  to  be  sf«wed,  he  must  take  care  that  he  carries  them 
where  they  are  supported  by  the  water,  and  not  where,  being  unsup- 
ported, they  weaken  the  ship  jaid  increase  its  strains.  If  he  thus 
keeps  the  uses  of  his  ship  st«adily  in  view,  he  will  find  the  principles 
of  the  wave  system  a  safe  guide  to  enable  him  to  give  his  design 
.those  qualities,  without  a  sacrifice  of  other  qualities  which  can  alooe 
enable  ship-owners  or  governments  to  avail  themselves  of  his  science 
and  skill. 

TABLE  XVL 

Proportions  of  Bow  and  Stem  for  Wave-line  Ships  Designed  far  a 

Given  Speed, 


Lengt 

or   ESTPANCE 

AKD  Run. 

Lesgib 

OF    ESTHANCE 

AND   RPS. 

JSL 

LcrgtU  of 

Length  of  Ran. 
reel. 

per  Hour. 

length  Of 

Length  of  Bnn. 

1 

.42 

.3 

n 

12 

60.48 

43.2 

3 

3.78 

13 

70.98 

4.8 

14 

82,32 

58.3 

10.60  . 

7.5 

15 

94.50 

67.5 

6 

15.12 

10.8 

16 

107,52 

76.8 

7 

20.58 

14.7 

17 

26.88 

1S.2 

18 

136.08 

97.2 

9 

34.03 

20,5 

19 

151.62 

108.3 

10 

42.00 

30.0 

20 

168.00 

120.0 

e  Piiuares  of  the  velocities. 


Hosiedb,  Google 


THE    "  wave"    SYSTE3I   COIIPAKED    WITH   OTHERS.      IGl 

TABLE  XVII. 

Hired  Head  Reshianee  at  Different  Speeds  on  each  Square  Foot  of 

Midship  Section. 

{Power  required  to  propel  a  flal'fronted  vessel  Uirougli  the  water.) 


SP... 

PropnllingforcoinLlis. 

K..t..ohc„r. 

r..t..«.«M. 

1 

1  68889 

2.85235 

0.00876 

2 

3.37778 

11.40938 

0.07007 

3 

5.06667 

25.67111 

0.23649 

i 

6.75556 

45.63754 

0.56056 

5 

8.44444 

71.303G5 

1.09484 

6 

10.13;i33 

102.6S445 

1.89188 

11.82222 

139.76435 

3.00424 

13.oH!l 

182.55014 

4.48446 

15.20000 

231.04003 

6.38511 

10 

16.88889 

285.23460 

8.75872 

n 

18.57778 

345.13387 

11.65786 

12 

20.26667 

410.73780 

15.13506 

13 

21.95556 

482.04647 

19.24290 

14 

23.64444 

■559.05&80 

24.03392 

J5 

25.33333 

641.71785 

29.56068 

16. 

27.02222 

730.20056 

36.34868 

17 

28.71111 

824.32799 

43.03160 

18 

30.40000 

924.16012 

61.08086 

19 

32.08889 

1029.69691 

60,07607 

20 

33.77778 

1140.93840 

70.06976 

Resistance  varies  as  the  square  of  tlie  velocity. 

TABLE  XVin. 

Showing  the  Comparative  Areas  of  Water-way,  Resistance  and  Carrying 

Power  to  he  obtained  by  Different  Dimenaiona  -under  the  game  Shape. 


Elem 

BNTS  OF  First  Cost. 

WoEKiKG  Cost. 

Eeuv-kehatite  Wouk. 

B.... 

..«. 

„„... 

.........  .,w...™,. 

riMting  weight  or 

12 

6 

72 

60 

18 

108 

135 

337 

24 

12 

144 

240  ■ 

30 

15 

180 

375 

1,500 

36 

18 

216 

540 

5,400 

42 

21 

252 

735 

48 

24 

288 

960 

12,800 

1215 

18,125 

60 

360 

1350 

27 

1405 

27,125 

72 

27 

432 

1620 

32,400 
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Sliowiriff  the  Measures  of  Value  of  tlm  Hollow  Bow 
Wave-line  Entrance  m  Diminished  Head 


r  Approximate 


.,-..... 

L=oelh  In  fet. 

»•-"••• 

—"■••■ 

"Kiissr 

10 

100 

20 

60 

jff!:  =  t 
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TABLE  XX. 
Force  and  Steam-Power  Required  to  Drive  One  Foot  of  Area  of  Water- 
way and  One  Foot  of  Skin. 


Speed. 

Force    reqmrQd    (o 

rnrce  reriiilred  to 

sjirjc^."' 

^XSI' 

"h^r' 

p^lmfr. 

.km. 

5 

65.19 

3.565      , 

0.250 

3.872 

0.272 

9 

61.11 

4.050 

0.284 

C 

54.32 

5.134 

0.360 

7 

53,57 

5.270 

0:370 

46.50 

9 

41.67 

8.712 

0.612 

8 

40.74 

9.127 

0.640 

10 

37.50 

10.756 

0.755 

3G.21 

11.552 

0.810 

34.10 

13.014 

0.914 

10 

■       32.59 

14.262 

1.000 

12 

31. 25 

1.09 

29.63 

17.257 

13 

28.85 

18.177 

1.37 

12 

27,16 

20.537 

1.44 

14 

26.79 

21.081 

13 

25.07 

24.102 

1.69 

15 

25-00 

24.200 

1.70 

16 

23.44 

27.534 

14 

23.28 

27.953 

1.96 

22.06 

31.084 

15 

21.73 

32.086 

2.25 

IS 

20.37 

36.450 

256 

17 

19.17 

41.216 

2.89 

•The  breadth  of  bean 


in  feet  divided  bj  the  length  of  t! 
.■ulgar  fraiitiun,  which,  being  s([uarc( 
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L  Area  of  midship  seeiion  immersed. 

The  area  of  the  midship  section  furnishes  the  chief  mea--ure  of 
resistance  of  the  ship,  and  the  propelling  power  must  be  duly  pro- 
portioned to  it,  each  foot  ot  t  n  erjuiring  a  given  number 
of  pounds  of  force  to  dri\  t  tb  h  the  water  at  a  given  speed. 
Thus,  if  one  foot  of  midsh  p  t  n  h  uld  require  30  lbs.  of  force 
to  drive  it  through  the  wat  at  tl  t  f  10  miles  the  hour,  this 
30  lbs.  must  be  supplied  eith  by  1  rs  power,  engine  power  or  sail 
power.  It  is  plain,  therefo  th  t  f  h  unit  of  section  must  be 
found  a  corresponding  unit    f  p    p  11  ng  i  ower. 

II.  Surface  of  skin  imme      i 

The  skin  of  a  ship  might  be  thought  lo  be  so  perfectly  smooUi  and 
water  so  limpid  as  to  slip  from  it ;  but  such  smoothness  is  imaginary, 
and  water  adheres.  For  a  short  race,  boats  are  lubricated  with  gi-ease 
or  polished  with  black  lead,  and  ingenious  mechanics  have  invented 
a  plan  for  iron  ships,  of  blowing  a  film  of  air  between  the  skin  and 
the  water  to  cut  off  the  adhesion  of  the  water.  The  reason  why 
copper  has  been  introduced  is,  that  from  a  peculiar  quality  of  that 
metal,  sensible  to  the  touch,  friction  is  lessened  and  smoothness 
gained.* 

With  or  without  lubrication,  it  is  a  fact  that  water  sticks  to  the 
skin  of  a  ship,  and  that  the  skin  drags  the  water  with  it ;  hence 
smoothness  and  lubrication  mitigate,  but  do  not  annihilate  it.  For 
wood  and  copper,  this  drag  is  reckoned  at  a  loss  of  nearly  1  lb.  of 

•  This  maj  ba  praotidally  eicmpllfied  by  rubbing  one's  finger  over  a.  smooth,  bright 
sheet  of  copper  that  has  been  dipped  in  salt  water;  it  will  be  found  to  have  the  same 
Blippary  feeling  as  the  aide  of  a  freshlj-eaught  flsh. 
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force  at  10  knots  per  hour  nhile  on  the  "surfaee  of  a  common  urn 
ship  it  maj  be  as  much  as  2  lbs  and  this  loss  mcr  ases  with  the 
velocitj  and  m  hi^h  \elrcitieo  is  in  imiortant  element  nrt  to  be 
omitted  The  surface  of  skin  is  therefoie  in  element  in  the  caku- 
lation  of  ■v  ship  and  adding  to  the  work  to  be  ione  hould  leceive 
separate  consideration 

III.  Area  of  light  and  load  vxiter-luie. 

The  area  of  the  water-line  is  a  material  element  in  the  powtr  of  a 
ship  to  carry  sail,  to  carry  top  weight,  to  acquire  stiifiiess,  to  ride 
easy  and  to  roll  gmiily.  It  is  very  common  to  measure  it  by  the  pro- 
portion it  bears  to  the  midship  section,  and  it  is  practically  found  to 
be  from  gu;  to  twelve  times  that  ai-ea,  though  sometimes  more. 

There  is  another  manner  in  which  its  value  may  be  generally 
expressed — namely,  its  proportion  to  a  rectangle,  in  which  form  it 
shows  how  much  of  its  area  has  been  sacrificed  to  shape. 

IV.  Area  of  the  longitudinal  section  in  the  water. 

This  area  is  to  weatkerKness  what  the  area  of  the  mid-hip  section 
is  to  resistance,  only  the  object  to  be  obtained  is  the  exact  opposite. 
The  midship  section  should  be  in  area  mall,  to  obviate  resistance ; 
tlje  area  of  the  longitudinal  section  should  be  large,  in  order  to  ci-eate 
resistance.  Area  of  longitudinal  section,  when  small,  indicates  lee- 
'  wardliness ;  when  large,  weatherliness.  It  is  quite  plain  that  area 
of  load  water-line  and  area  of  longitudinal  section  have  an  important 
and  close  connection,  since,  if  a  large  area  of  load  water-line  be  com- 
bined with  a  small  area  of  longitudinal  immersed  section,  the  vessel 
will  have  power  to  carry  much  sail,  but  this  power  will  be  wasted  by 
leew-ardliness ;  while,  on  the  contrary,  a  small  area  of  load  water-line 
may  reduce  her  stability,  so  as  to  prevent  her  from  carrying  as  much 
sail  as  her  large  weatlierly  area  would  enable  her  to  bear  without 
unduly  drifting  to  leeward.  These  three  areas  are  therefore  evi- 
dently bound  up  together  in  the  constitution  of  a  ship,  as  a  given 
area  of  midship  section  will  plainly  want  a  large  power  to  drive  it, 
and  that  large  power  will  want  a  large  area  of  load  water-line  to 
carry  it ;  while  great  power  to  carry  sail,  or  stability,  will  want  large 
longitudinal  area  to  utilize  it 

The  problem  is,  therefore,  to  obtain  out  of  the  three  the  greatest 
aggregate  of  useful  results  in  these  points  without  the  sacrifice  of 
higher  value  in  othei  good  points. 
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V.    Volume  of  wider-water  body  or  displacement. 

The  four  former  elements  are  areas  mei-ely  ;  and  they  measure  the 
resistance  to  be  overcome  in  doing  the  work,  and  tlie  power  to  be 
used  in  overcoming  this  resistance;  but  the  element  of  displacement 
represents  the  purpose  for  which  they  all  combine — namely,  the 
movement  of  a  large  mass  of  matter  from  place  to  place  by  means 
of  the  floating  power  of  water.  The  constructor  must  find  out  what 
is  the  real  mass  to  be  moved,  or  what  is  the  total  volume  of  water 
which  is  to  be  displaced,  in  order  that  this  body  or  ship  may  float  in 
the  place  of  this  water.  To  do  this  he  must  obtain  a  precise  measure 
of  the  volume  of  the  body  to  be  immersed,  and  the  weight  of  that 
bulk  of  water  will  exactly  measure  the  whole  weight  of  the  ship  and 
contents.  He  must,  therefore,  calculate  the  number  of  cubic  feet 
which  the  body  of  the  ship  contains— first,  up  to  the  light  water-line 
when  she  floats  without  load  ;  and  secondly,  when  she  is  ftiU  ladened 
with  cargo,  stores,  persona  and' pro  visions  for  the  voyage. 

Tlie  calculation  of  displaeemeiit  ia  a  problem  of  geometry ;  the 
constructor  measures  the  bulk  of  the  part  of  the  ship  under  the  light 
water-line,  and  allows  one  ton  of  weight  for  each  35  cubic  feet  (fresh 
water,  36)  ;  this  gives  .tlie  number  of  tons  which  the  ship  with  all 
her  parts  and  appendages  must  weigh  in  order  to  tloat  at  the  water- 
line  required. 

Between  the  light  water-line  and  the  load  water-line  lies  another 
part  of  the  ship,  all  of  which  will  be  immersed  when  she  is  laden  to 
the  load  water-line.  The  bulk  of  this  part  must  be  measured  exactly ; 
and  this  bulk,  at  the  allowance  of  35  cubic  feet  per  ton  (fresh  water, 
36),  will  show  what  the  additional  weights  are  which  the  ship  will 
carry  at  the  intended  load  wafer-line.  The  displacement  of  this  part 
of  the  ship  measures  the  load  she  will  carry. 

The  calculation  of  the  displacement  is,  therefore,  mere  mensura- 
tion, or  a  sort  of  superior  kind  of  gauging. 

Besides  the  absolute  quantity  of  the  ship  expressed  in  tons  or  cubic 
feet,  it  is  convenient  to  express  the  bulk  in  terms  of  her  extreme 
dimensions.  If  the  ship  were  a  mere  box,  her  bulk  and  displacement 
would  at  once  be  found  by  multiplying  together  her  length,  breadth 
and  depth ;  the  product  of  these  in  feet  divided  hy  35  (or  36)  would 
be  the  displacement  in  tons  of  that  part  of  the  box  (or  ship)  im- 
mersed, and  would  therefore  represent  the  weight  of  the  whole. 
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But  the  ship  may  be  supposed  to  be  a  box  with  its  corners  pared 
off,  and  it  will,  therefore,  sufficiently  express  the  deviation  of  a  ship 
from  the  box  form  if  the  constructor  places  it  so  as  to  show  how 
jnuch  of  the  box  is  lacking.  He  therefore  expresses  the  volume  of 
his  ship  by  the  fractions  },  %,  |  or  -^,  or  decimally,  0.5,  0.66,  0.75  , 
or  0.8,  to  show  how  much  the  bulk  retained  in  the  ship  is  less  than 
it  might  have  been  if  the  comers  had  be«n  kept  on.  It  truly  repre- 
sents tJie  sacriflce  of  quantity  to  quality  in  a  ship  of  which  the 
extreme  dimensions  have  been  determined,  and  the  fraction  is  called 
"the  eo-efficient  oj  jineness." 

VI.  Volume  of  shoulder  or  atahiliiy  of  the  ship. 

The  "shoulder"  has  been  defined  to  be  that  part  of  a  ship  which 
is  alternately  immersed  or  emersed'as  she  is  equally  inclined  from  one 
side  to  the  other.  This  inclination  is  here  assumed  as  14°  on  one 
side  and  14"  on  the  other,  which  gives  about  one-eighth  the  beam  of 
the  ship  as  the  heel  of  the  "  wedge."*  Men-of-war  in  smooth  water 
are  not  supposed  to  careen  more  than  7°,  thbugh  it  is  very  probable 
that  in  rolling  they  will  heel  over  7°  more ;  in  fact,  in  fast  vessels 
14°  is  by  no  means  uncommon  when  carrj-ing  a  heavy  press  of  sail 
by  the  wind.  This  inclination  brings  a  depth  of  side  under  the 
water  equal  to  about  one-eighth  part  of  the  ship's  beam. 

Now  these  wedges  of  immersion  and  emersion,  or  "the  shoulders," 
must  be  accurately  measured ;  and  in  a  vessel  of  curvilinear  outline 
the  back  of  the  wedge  will  have  a  double  curvature,  reqiiiring  a  little 
judicious  geometry  to  gauge  it. 

The  constructor  having  exactly  measured  the  volume  of  each  of 
these  shoulders  or  wedges  in  cubic  feet,  converts  his  measurement 
into  tons  by  dividing  either  by  35  or  36,  as  the  case  may  be;  the 
result  is  one  element  by  which  to  measure  the  power  of  the  shoulder 

VII.  Volume  of  oui-of-water  body. 

This  is  the  volume  of  room  in  the  ship  above  the  water-line,  or  the 
surplus  buoyancy,  and  is  a  material  element  in  the  safety  and  sea- 
worthiness of  a  ship.  An  ordinary  ship  with  very  little  of  her  body 
above  the  water  is  dangerous,  because,  if  by  accident  she  ships  water 
and  retains  it,  she  will  sink.  When  the  sea  runs  hi^,  the  upper 
body  is  required  to  lift  the  ship  over  the  waves,  otherwise  they  roll 
over  her;  though  sometimes  (as  in  the  monitors)  it  ii 

*  One-eiglith  is  a,  good  proportion. 
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make  vessels  so  iow  that  the  sea,  may  run  freely  over  them  ;  but  in 
this  ease  careful  provision  is  made  that  the  decks  are  made  perfectly 
water-tight.     These  vessels  are,  however,  exceptional. 

Merchant  vessels  have  been  lost  by  lading  them  so  deeply  that  in 
-bad  weather  they  bfecame  easily  submerged-  Moreover,  a  vessel 
deeply  immersed  has  very  little  lateral  stability;  a  homogeneous  body 
entirely  immersed  has  none  whatever;  and  such  vessels  are  there- 
tore  exposed  to  great  risk  of  capsieing  as  well  as  foundering.  It  is 
therefore  desirable  at  the  load  water-line  to  note  what  relation  the 
bulk  of  the  out-of- water  body  bears  to  the  under- water  body,  as  there 
is  a  certain  ratio  which  it  is  desirable  neither  to  exceed  nor  to  fell 
short  of.  Its  volume,  therefore,  should  be  indicated  by  a  fraction, 
showing  that  it  is  J,  i,  i  or  any  other  suitable  part  of  the  under- 
water body. 

VIII.   Volume  of  internal  body  or  room  in  a  ship. 

This  is  a  very  different  element  from  the  displacement,  which 
measures  the  whole  space  which  a  ship  occupies  in  the  water,  and  the 
dead  weight  both  of  herself  and  what  she  carries.  The  volume  now 
under  consideration  represents  the  void  left  in  the  inside  of  the  hull, 
or  the  empty  space.  The  thickness  of  the  proposed  hull  has,  of 
course,  everything  to  do  with  this.  Iron  ships  have,  therefore,  more 
room  in  them  than  wooden  ones,  because  the  hull  is  thuiner.  The 
hull  of  a  1000-ton  iron  ship  may  be  reckoned  throughout  as  about  6 
inches  thick,*  but  a  wooden  one  of  the  same  size  may  he  taken  at 
three  times  this  thickness.  A  double- bottomed  iron  ship  takes  much 
more  room  off  the  inside  than  a  single-bottomed  one ;  but  any  well- 
contrived  iron  ship  is  much  more  roomy  than  a  wooden  one. 

Eoominess  in  merchant  ships  is  a  source  of  great  profit,  and  for 
this  reason  it  should  be  approximately  ascertained  at  the  outset.  In 
all  war  vessels,  properly  built,  there  is  generally  room  for  more 
weights  than  the  ship  is  able  to  carry ;  and  in  all  designs  of  a  ship 
there  should  be  an  early  approximation  to  the  proportion  between 
the  displacement  (which  represents  the  dead  weight  she  can  carry) 
and  the  volume  of  internal  body  (.which  represents  the  space  she  has 
for  stowing  those  weights). 

»  Tbia  inuBt  not  1>e  oonfoundei  with  the  thickness  of  the  "  skin"  alone,  which  in 
iron  merchimt  Teaeels  la  seldom  more  than  4  of  an  inch.   The  above  iaoludes  frame,  eto. 
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TABLE  XXI. 
External  and  Internal  Capacity/,  ete. 


External  Cnpucity. 

Thteknta  of  Slaa  of 

Tiiickni^cf  Sides  ia 

Ouk  ShLiis  in  inches.* 

Irau  Ships.' 

100 

0.28 

11 

200 

0.27 

12i 

300 

0.28 

14 

400 

0.25 

15i 

500 

0.24 

IG 

4 

1000 

0.20 

20    - 

2000 

0.16 

24 

Note. — The  proportion  of  external  etipaoitj  to  internal  room  must  b- 
models  and  less  in  full  modele  to  an  extent,  la  ordiDBry  shapes,  of  five  ( 
but  between  a  yaelit  and  a  ooUier  tbere  would  be  a  wide  disparity.  ' 
above  ore  for  ordinary  aailing  merobantineD,  and  wilt  hold  good  for 


shif  s  that  lu 


It  often  happens  that  when  this  proportion  is  not  accurately  settled 
beforehand,  a  ship  has  a  great  deal  of  room  to  contain  cargo  without 
displacement  enough  of  under-water  body  to  enable  her  to  carry  the 
dead  weight  of  that  cargo ;  and  it  may  also  happen  that  she  has 
plenty  of  displacement  to  can->  niore  fi eight  without  having  room  to 
etowit.  Meft;antile  tonnage  bj  which  ships  are  classed,  charged 
and  chartered,  is  now  a  days  fixed  b>  mei'suring  the  room  in=ido  of 
the  ship,  aa  on  this  depends  the  "registered"  tonnage  pUied  on  the 
register  of  the  ship 

ABSTRACT  OF  THE  TONNAGE  LAW  OF  THE  UNITED  STATES. 

The  register  of  every  vessel  shall  express  her  length  and  breadth, 
together  with  her  dqith  and  the  height  under  the  third  or  «par  deck, 
which  shall  be  ascertained  in  the  following  manner  : 

The  tonnage  deck  in  vessels  having  Utree  or  more  decks  to  the  hull, 
shall  be  the  second  deck  from  below ;  in  all  other  cases  the  upper 
deck  of  the  hull  is  to  be  the  tonnage  deck. 

The  length  from  the /ore  pari  of  the  outer  planking  on  the  side  of 

the  stem  to  the  after  part  of  the  main  stern-post  of  screw  steamers,  and 

to  the  after  part  of  the  rudder-post  of  all  other  vessels  measured  on 

the  t«p  of  the  tonnage  deck,  shall  be  accounted  the  vessel's  length. 

•  See  foot-notB,  page  167. 
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The  breadth  of  the  broadest  part  on  the  outside  of  the  vessel  shall 
be  the  vessel's  breadth  of  beam.  A  measure  from  the  under  side  of 
the  tonnage  deck  plank,  amidships,  to  tlie  ceiling  of  the  hold  (average 
thickness),  shall  be  accounted  the  depth  0/  the  hold. 

If  the  vessel  has  a  third  deck,  then  the  height  from  the  top  of  the 
tonnage  deck  plank  to  the  under  side  of  the  upper  deck  plank  shall 
be  accounted  as  the  height  under  the  spar  deck. 

All  measurements  to  be  taken  in  feet  and  fraetions  of  feet ;  and  all 
fractions  of  feet  to  be  expressed  in  decimals. 

The  register-  tonnage  of  a  vessel  shall  be  her  entire  infernal  eu- 
bical  capacity  in  tons  of  100  cubic  feet  each,  to  be  ascertained  as 
follows : 

Pleasure  the  length  of  the  vessel  in  a  straight  line  along  the  upper 
side  of  tlie  tonnage  deck,  from  the  inside  of  the  inner  plank  (average 
thickness)  at  the  side  of  the  stem,  to  the  inside  of  the  plank  on  the 
stem  timbers  (average  thickness),  deducting  from  this  length  what  is 
due  to  the  rake  of  the  bow  in  the  thickness  of  the  deck,  and  what  is 
due  to  the  rahe  of  the  stern  timber  in  the  thickness  of  the  deck,  and 
what  is  due  to  the  rake  of  the  stern  Umber  in  one-third  of  the  round 
of  the  beam ;  divide  the  length  so  taken  into  the  number  of  equal 
parts  required  by  the  following  table,  according  to  the  class  in  such 
table  to  which  the  vessel  belongs ; 

Table  of  Classes. 

1st.  Vessels  of  which  the  tonnage  length,  according  to  th>-  above 
measurement,  is  fifty  feet  or  under,  into  six  equal  parts. 

2d.  Vessels  over  fifty,  and  not  exceeding  one  hundred  feet  iu 
length,  into  eight  equal  parts. 

3d.  Vessels  over  one  hundred,  and  not  exceeding  one  hundred  and 
fifty  feet  in  length,  into  ten  equal  parts. 

4th.  Vessels  over  one  hundred  and  fifty,  and  not  exceeding  two 
hundred  feet  in  length,  into  twelve  equal  parts, 

5th.  Vessels  over  two  hundred,  and  not  exceeding  two  hundred 
and  fifty  feet  in  length,  into  fourteen  equal  parts. 

6th.  Vessels  of  which  the  tonnage  length,  according  to  the  above 
measurement,  is  over  two  hundred  and  fifty  feet  long,  into  sixteen 
equal  parts. 

Then  the  hold  being  sufBciently  cleared  to  admit  of  the  required 
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depths  and  breadths  being  properly  taken,  find  the  transverse  area  of 
such  vessel  at  each  point  of  division  of  the  length,  as  follows : 

Measure  the  depth  at  each  point  of  division  from  a  point  at  a  dis- 
tance of  one-third  of  the  round  of  the  beam  below  such  deck,  or,  in 
case  of  a  break,  below  a  line  stretched  in  continuation  thei-eof,  to  the 
upper  side  of  the  floor  timber  at  the  inside  of  the  limber  Btrake,  after 
deducting  the  average  thickness  of  the  ceiling,  which  is  between  the 
bilg&q>lanks  and  limber  strahe ;  then,  if  the  depth  at  the  midship  divi- 
sion of  the  length  do  not  exceed  sixteen  feet,  divide  each  depth  into 
four  equal  parts;  then  measure  the  inside  horizontal  breadth  at  each 
of  the  three  points  of  division,  and  also  at  the  upper  and  lower  points 
of  the  depth,  extending  each  measurement  to  the  average  thickness 
of  that  part  of  the  ceiling  which  is  between  the  points  of  measure- 
ment; number  these  breadths  from  above  (numbering  the  upper 
breadth  one,  and  so  on  down  to  the  lowest  breadth) ;  multiply  tlie 
second  and  fourth  by  four,  and  the  third  by  two :  add  tliese  products 
together,  and  to  the  sum  add  tlie  first  breadth,  and  the  last  or  fifth ; 
multiply  the  quantity  thus  obtained  by  one-third  of  tlie  common 
interval  between  the  breadths,  and  the  product  shall  be  deemed  the 
transverse  area ;  but  if  the  midship  depth  exceed  sixteen  feet,  divide 
each  depth  into  six  equal  parts,  instead  of  four,  and  measure  as  before 
directed,  the  horizontal  breadths  at  the  five  points  of  division,  and 
also  at  the  upper  and  lower  points  of  the  depth ;  number  them  from 
above  as  before ;  multiply  the  second,  fourth  and  sixth  by  four,  and 
the  third  and  fifth  by  two ;  add  these  products  together,  and  to  the 
sum  add  the  first  breadth  and  the  last  or  seventh ;  multiply  the 
quantities  thus  obtained  by  one-third  of  the  common  interval  between 
the  breadths,  and  the  product  shall  be  deemed  the  transverse  area.* 

Having  thus  ascertained  the  transverse  area  at  each  point  of  divis- 
ion of  the  length  of  the  vessel,  as  required  above,  proceed  to  ascer- 
tain the  register  tonnage  of  the  vessel  in  the  foUowbg  manner : 

•The  rule  for  ascertairing  this  area  is  called  "Simpson's"  or  "ChapmanV  rule, 


aining  (or  odd)  ordinal™,  multipliea  by  2, 
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Number  the  areas  successively,  one,  two,  three,  etc.,  number  one 
being  at  the  extreme  limit  of  the  length  at  the  bow,  and  the  last 
number  at  the  extreme  limit  of  the  length  at  the  stern ;  then,  whether 
the  length  be  divided  according  to  the  table  into  six  or  sixteen  parts, 
as  in  classes  one  and  six,  or  any  intermediate  number,  as  in  classes 
two,  three,  four  and  five,  multiply  the  second  and  every  even-num- 
bered area  by  four,  and  tlie  third  and  every  odd-numbered  area 
(except  the  first  and  last)  by  two ;  add  these  products  together,  and 
to  the  sum  add  the  first  and  la=t,  if  they  yield  anything ;  multiply 
the  quantities  thus  obtained  by  one-third  of  the  common  interval 
between  the  areas,  and  the  product  will  be  the  cubical  contents  of 
the  space  under  the  ti>nna£;e  deck ;  divide  this  product  by  one  hun- 
dred, and  the  quotient,  being  the  tonnage  under  the  tonnage  dect, 
shall  be  deemed  to  be  the  register  tonnage  of  the  vessel,  subject  to  tho 
additions  hereinafter  mentioned. 

If  there  be  a  break,  a  poop,  or  any  other  permanent  closed-in  space 
on  the  .upper  decks,  on  the  spar  deck,  available  for  cargo  or  stores 
or  for  the  berthing  or  accommodation  of  passengers  or  crew,  the  ton- 
nage of  such  space  shall  be  ascertained  as  follows : 

Measure  the  internal  mean  length  of  snch  space  in  feet  and  divide 
it  into  an  even  number  of  equal  parts,  of  which  the  distance  asunder 
shall  be  most  nearly  equal  to  those  into  which  the  length  of  the  ton- 
nage deck  has  been  divided ;  measure  at  the  middle  of  its  height  the 
inside  breadths— namely,  one  at  each  end  and  at  each  of  the  points 
of  division — numbering  them  successively  one,  two,  three,  etc, ;  then 
to  the  sum  of  the  end  breadths  add  four  times  the  sum  of  the  even- 
numbered  breadtlis  and  twice  the  sum  of  the  odd-numbered  breadths, 
except  the  first  and  last,  and  multiply  the  whole  sum  by  one-third 
of  the  common  interval  between  the  breadths ;  the  product  will  give 
the  mean  horizontal  area  of  such  space ;  then  measure  the  mean 
height  between  the  planks  of  the  decks,  and  multiply  by  it  the 
mean  horizontal  area ;  divide  the  product  by  one  hundred,  and  the 
quotient  shall  be  deemed  to  be  tlie  totfnage  of  such  space,  and  shall 
be  added  to  the  tonnage  under  the  tonnage  decks  ascertained  as 


If  the  vessel  has  a  third  deck  or  spar  deck,  the  tonnage  of  the 

space  between  it  and  the  tonnage  deck  shall  be  ascertained  as  follows : 

Measure  in  feet  the  inside  length  of  the  space  at  the  middle  of  its 
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height  from  the  plank  at  the  lide  of  the  stem  to  the  plank  on  the 
t  mber^  t  tl  e  te  n  n<l  li  le  the  len^jth  nto  the  an  e  n  n  ber  of 
equal  part.  to  h  I  tl  lent,th  of  the  to  n  ge  d  ck  is  1  de  I 
n  eis  re  (ils  at  the  n  ddle  of  t  he  gl  t)  tl  e  ins)  le  1  re  dth  of  the 
Ej  e  at  ea  1  t  tl  e  po  ta  f  d  on  also  the  1  readtl  f  the  stem 
ind  tl  e  b  eadth  at  the  ter  umber  th  m  sueees  veh  oi  e  t  o 
three  etc  oramen  ng  at  the  tem  mult  ply  the  e  o  d  a  d  all 
tl  e  other  e  en  numbe  e  1  brea  Itl  s  by  fo  r  an  1  the  tl  d  an  1  all 
the  ot!  er  odd  numbered  brealths>  (e  cep(  the  fir  t  anl  la-tj  ly  t  o 
to  the  u  of  the  e  pro  lu  ts  add  tl  e  first  and  last  1  readth  nult 
pi  the  ^1  ole  sun  by  one  th  rd  of  the  on  n  on  nte  al  bet  e  n  the 
brea  Itl  a  d  the  res  It  w  II  g  e  m  s  pe  fi  al  feet  the  e  hor 
zontil  area  of  uch  pace  me  sure  the  ean  he  ^ht  bet  ve  i  the 
1 1  nk  of  the  t  o  de  ka  ind  ijlt  j  ly  1  y  t  tl  e  ean  hor  zo  til  rea 
and  the  product  wdl  be  the  cubical  contents  of  the  space ;  divide  this 
product  by  one  hundred,  and  the  quotient  shall  be  deemed  to  be  the 
tonnage  of  such  space,  and  shall  be  added  to  the  other  tonnage  of  the 
vessel,  ascertained  as  aforesaid.  And  if  tlie  vessel  has  more  than 
three  decks,  the  tonnage  of  each  space  between  decks  above  the  ton- 
nage decks  shall  be  severally  ascertained  in  the  manner  above 
described,  and  shall  be  added  to  the  tonnage  of  the  veasel.  a'-eertamcd 


In  ascertaining  the  tonnage  of  open  vessels,  the  upper  edge  of  the 
upper  atrake  is  to  form  the  boundary  line  of  measurement,  and  the 
depth  shall  be  taken  from  an  athwartship  line,  extending  from  the 
upper  edge  of  said  strake  at  each  division  of  the  length. 

The  register  of  the  vessel  shall  express  the  number  of  decks,  the 
tonn^e  under  the  tonnage  deck,  and  that  of  the  between  decks, 
above  the  tonnage  deck ;  also,  that  of  the  poop  or  other  enclwed 
spaces  above  the  deck,  each  separately.  In  cvtry  registered  United 
States  ship  or  veaael,  the  number  denoting  the  total  registered  ton- 
nage shall  be  deeply  carved  or  otherwise  permanently  marked  on 
her  main  beam,  and  shall  hS  so  continued ;  and  if  it  at  any  time 
cease  to  be  ao  continued,  such  vessel  shall  no  longer  be  recognized  as 
a  regiatered  United  States  vessel. 

A  ship  is  said  to  be  1000  tona  burden,  therefore,  when  she  has 
100,000  cubic  feet  of  apace.  This  is  now  the  technical  tonnage  of 
the  cuatom-house ;  but  ship-owners  sometimes  reckon  40  or  50  cubic 
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feet  to  the  ton,  according  to  the  nature  of  the  trade  that  the  shipper 
ia  chartering  for.* 

The  following  formula  will  give  very  nearly  (within  2^  per  cent.) 
the  register  tonnage  under  any  proposed  dimensiona ; 

Let  L  represent  the  inside  length  on  upper  deck  from  plank  at  the 
bow  to  plauk  at  the  stem,  B  the  inside  main  breadth  from  ceiling 
to  ceiling,  and  D  the  inside  -midship  depth  from  upper  deck,  to  ceiling 
at  limber-strake. 

Then  the  register  tonnage  of  any  ship  will  be  equal  to  

multiplied  by  the  decimal  factor  opposite  tlie  class  in  the  following 
table  to  which  she  belongs: 

p  ...        I .  f  Cotton  andsngarBiiipB./MZi  form, 

(^  SliipB  of  tlie  present  form 

Steam  vesseU  and  clippers^  J 

YaclitB 


decki) ... 

or  three  decks 0.68 

Above  sixty  tons 0.5 

H mall  vessels ■ 0.45 


Deduction  to  be  made  from  Steam  Vessels. 

In  every  ship  propelled  by  steam  or  other  power  requiring  engine 
room,  an  allowance  of  space  or  tonnage  ought  to  be  made  for  the 
space  occupied  by  the  propelling  power,  and  the  amount  so  allowed 
should  be  deducted  from  the  gross  tonnage  of  the  ship. 

The  rule  for  finding  the  cubical  contents  of  the  engine-room  is  as 
follows : 

1st.  Measure  the  mean  length  of  the  engine-room  between  the  for- 
ward and  after  bulkheads,  excluding  such  parts,  if  any,  as  are  not 
actually  occupied  by  or  required  for  the  proper  working  of  the 
machinery ;  then  measure  the  depth  of  the  ship  at  the  middle  point 
of  tliis  length,  from  the  ceiling  at  the  limber-strake  to  the  upper 
deck  in  ships  of  three  decks  and  under,  and  to  the  third  deck,  or  deck 
above  the  tonnage  deck,  in  all  other  ships;  also  the  inside  breadth 
of  the  ship  clear  of  ^ojising,  if  any,  at  the  middle  of  the  depth ; 
multiply  together  these  dimensions  of  length,  depth  and  breadth  for 
the  cubical  contents;  divide  this  product  by  100,  and  the  quotient 

*  Cnrgu  is  gsnerallj  reckoned  fiO  enble  feet  to  the  ton,  and  coal  at  48  oubio  feet 
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■wiU  be  the  tonnage  of  the  engine-room,  or  allowance  to  he  deducted 
from  the  gross  tonnage  on  account  of  the  propelling  power. 

2d.  In  the  case  of  ships  having  more  than  three  decks,  the  ton- 
nage of  the  space,  or  spaces,  if  any,  between  decks  above  the  Ibird 
deck,  which  are  framed  in  for  the  machinery  or  for  the  admission  of 
light  and  air,  found  by  multiplying  together  the  length,  breadth  and 
depth,  and  dividing  the  product  by  100,  should  be  added  to  the  ton- 
nage of  such  space. 

3d.  In  the  case  of  screw-steamers,  the  tonnage  of  the  shaft-alley 
should  form  part  of  and  be  added  to  such  space  after  being  ascertained 
in  the  usual  manner. 

4th.  In  any  ship  in  which  the  machinery  may  be  fitted  in  sepa- 
rate compartments,  the  tonnage  of  each  compartment  should  be 
separately  ascertained,  and  the  sum  added  to  the  tonnage  space  as 
above. 

IX.   Critical  points  in  a  ship. 

The  constructor  has  hitherto  considered  certain  important  areas 
and  volumes  of  a  ship,  on  the  mutual  proportions  and  relations  of 
which  her  qualities  and  poweis  must  depend ;  beyond  these,  however, 
there  remain  certain  critical  poinU  or  places  which  are  material  to  the 
whole  behavior  of  the  ship.  Unless  he  first  knows  these  critical  points, 
he  knows  nothing  about  where  he  should  place  one  thing  or  where 
another.  Situaihn  is  a  material  part  of  naval  construction,  since 
masts,  machinery,  boilers,  coals,  heavy  cargo,  light  cargo,  provisions, 
water,  guns,  anchors  and  cables,  everything,  in  short,  that  a  ship  is 
to  contain  and  carry,  as  well  as  every  particle  of  weight  in  the  hull 
itself,  may  be  placed  either  right  or  virong ;'  and  even  a  \ery  small 
weight  may  be  so  placed  as  to  enhance  some  virtue  or  exaggerate 
some  defect. 

X.  Cmtreg  of  gravity  of  the  midship  section  and  of  the  vertical  suitom 
parallel  to  U. 

The  position  of  the  centre  of  buoyancy  of  a  ship  is  a  material 
element  in  her  behavior  and  qualities  at  sea.  The  place  of  the  centre 
of  gravity  of  the  midship  section  contributes  more  powerfully  to 
determine  the  vertical  height  of  that  centre  of  buoyan.-y  than 
any  other  section  of  the  ship,  and  the  higher  that  centre  of  buoy- 
ancy rises  toward  the  surface  of  the  water  the  greater  is  tht-  sta- 
bility.    Its  depth  below  the  surface  when  the  ship  is  light  and  when 
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she  is  laden,  is  therefore  a  material  element  in  her  character ;  and 
in  every  trial  design  its  place  ought  to  be  well  marked. 

The  qualities  of  the  ship  will  also  be  affected  somewhat  by  the 
positions  of  the  centres  of  gravity  of  the  vertical  sections  before  and 
abaft  the  midship  section;  and  to  show  how  these  rise  and  fall  and 
modify  the  whole,  it  is  recommended  that  a  line  be  drawn  on  the 
sheer  plan,  connecting  all  the  centres  of  gravity  of  the  vertical  cross 
sections  fore  and  aft.*  This  line  will  be  instructive  in  showing  the 
general  character  of  the  fore  and  after  body,  in  improving  the 
character  of  the  midship  section  as  regards  stability  or  in  wealiening 
it.  Where  the  line  rises  the  stability  is  improved — where  it  falk  it  is 
weakened, 

XI.  On  the  place  of  the  eentres  of  gravity  of  the  water-lines. 

The  places  of  the  centres  of  gravity  of  the  water-lines  form  elements 
in  the  determination  of  the  place  of  the  centre  of  gravity  of  the  ship 
lengthwise,  and  they  should  he  carefully  marked  on  the  sheer  plan 
and  connected  by  a  line.  This  line  of  centres  of  gravity  of  water- 
lines  will  either  shift  forward  as  the  ship  goes  down  in  the  water,  or 
shift  aft,  or  remain  stationary  in  a  vertical  line ;  if  it  shift  aft,  it  will 
show  that  as  the  ship  gets  deeper  and  deeper  in  the  water  the 
.  heavy  weights  ought  to  he  stowed  aft;  if  the  contrary,  then  they 
ought  to  be  brought  forward ;  if  neither,  they  ought  to  be  equally 
distributed  toward  both  ends.  Thus,  the  line  connecting  these 
centres  of  gravity  becomes  a  permanent  rule  for  the  practical  stow- 
age of  the  ship,  exceedingly  useful  to  the  naval  officer ;  and  ships 
may  thus  be  distinguished  from  each  other  accordingly  as  these 
centres  of  gravity  run  forward  or  aft. 

The  distance  of  the  centre  of  gravity,  also,  of  ea«h  half  of  the  load 
and  light  water-lines,  on  each  side  of  the  centre  of  the  ship,  from  that 
centre,  is  an  element  in  the  stability  of  the  ship. 

XII,  Centre  of  gra/vity  of  the  longitudinal  verlieal  section. 

As  this  is  the  section  which  gives  weatherliness  to  the  ship  and 
keeps  her  from  drifting  to  leeward,  the  knowledge  of  the  position  of 
its  centre  of  gravity  is  most  important  to  the  proper  placing  and  ar- 
(angement  of  all  the  masts,  spars,  rigging  and  sails.  This  centre  is 
the  balance  point  of  the  lateral  pressure  of  the  ship  on  the  water,  and 
the  balance  point  of  the  pressure  of  the  saUs  under  the  wind  must  be 

*  This  is  called  tho  "  iueus  of  the  centres  of  buoyancy." 
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60  placed  as  exactly  to  correspond  with  it ;  otherwise,  if  tlie  sails  aud 
masts  are  too  fai-  aft  iii  relatiou  to  this  point,  the  ship  will  be  ardent, 
which  carried  to  the  extreme  is  a  very  bad  quality;  or  if  they  are  too 
i&T  forward,  she  will  carry  lee  helm,  wiiich  is  a  worse  quality.  In 
order  to  secure  a  perfect  balance,  the  centre  of  gravity  of  tliis  section 
and  the  centre  of  gravity  of  the  sails  (centre  of  effort)  must  be  accu- 
rately obtained.  In  some  vessels  these  centres  must  be  directly  over 
each  other ;  but  in  full-bowed  vessels  the  bluffness  of  bow  deranges 
the  balance,  and  this  must  be  corrected  by  carrying  the  centre  of 
gravity  (centre  of  effort)  of  the  sails  considerably  forward  of  the 
centre  of  gravity  (centre  of  resistance)  of  the  longitudinal  section.* 

Of  course  the  placing  of  the  masis  is  by  this  means  regulated  and 
determined. 

XIII.    Centre  of  gravity  of  displacmnmit  or  centre  ofhuoyaney. 

This  point  must  be  found,  because  it  is  tlie  centre  (or  balance  point) 
of  the  whole  upward  pressure  of  the  water  on  the  ship ;  as,  whatevei- 
may  be  the  variety  and  sliape  of  the  parts  of  a  ship,  the  joint  power 
of  them  all,  united  to  support  a  given  weight,  balances  at  this  point. 
It  has  already  been  shown  that  all  the  weights  must  be  so  distributed 
as  that  they  shall  all  balance  each  other  exactly,  so  that  die  united 
centre  of  weight  shall  come  precisely  over  the  centre  of  gravity  of 
the  displacement,  otherwise  the  ship  will  be  pressed  down  out  of  its 
intended  place  some  way  or  other. 

The  determination  of  the  horizontal  place  of  the  centre  of  buoyancy 
is  not  the  only  thing  necessary  for  the  balance  of  the  ship,  but  the 
vertical  distance  of  that  centre  below  the  water-line  is  an  element  of 
calculation  in  her  stability. 

For  these  two  purposes  it  is  necessary  to  take  as  one  of  tlie  ele- 
ments of  a  ship — first,  the  place  of  the  centre  of  buoyancy,  either' 
before  or  abaft  the  middle  of  length  of  the  ship ;  second,  the  distance 
of  this  centre  below  the  water-line.  The  distance  before  or  abaft  is 
generally  reckoned  in  feet,  and  the  distance  below  the  water-lines  in 
fractions  of  the  main  breadth.  The  smaller  this  fraction  is,  the 
greater  will  he  the  stability  ;  for  the  distance  of  this  point  below  the 
water  is  a  measure  of  the  tendency  of  the  under  body  to  upset  the 

*  Iq  one  case  (a  )ine-of-battIe  ship)  this  was  as  mncli  as  15  feet.  In  n  Bdc,  wave 
built  ship,  these  centres  go  most  accurately  together. 
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XIV.  Centres  of  gravity  of  the  volumes  of  the  immersed  fore  and  after 
bodies. 

When  a  ship  breasta  the  sea  her  fore  body  is  first  lifted  by  the 
waves,  so  as  gradually  to  raise  her  oi*t  of  the  hollow  and  to  tlie  top 
of  the  wave,  and  she  then  goes  over  the  crest  and  pitches  down  the 
slope  on  the  opposite  side,  while  the  fore  body  is  raised  out  of  the 
water  to  plunge  into  the  ascending  slope  of  a  second  wave,  until  the 
buoyancy  of  the  fore  body  and  the  lifting  power  of  the  water  again 
raise  the  bow  toward  the  crest  of  the  second  wave,  and  thus  lead 
the  body  over  it.  This  pitching  and  'seending  is  mainly  done  by  the 
fore  body;  and  in  order  to  measure  and  appreciate  its  good  or  bad 
qualities  in  this  respect,  the  position  of  its  centre  of  displacement 
should  he  known. 

The  after  body  also  contributes  its  share  to  the  movement  of  the 
ship,  and  its  action  is  similar  to  that  of  the  fore  body  in  many  re- 
spects— with  an  important  diiference,  however,  due  to  the  ordinary 
forward  motion  of  the  vessel.  The  wave  strikes  the  bow  with  a  force 
which  the  stem  in  a  great  measure  escapes.  But  it  is  necessary  to 
know  the  plaee  of  its  centre  of  gravity  of  displacement  also. 

It  is  only  necessary  to  remark  here  that  the  farther  the  centre  of 
gravity,  of*  displacement  of  the  fore  body  lies  forward  of  that  of  the 
vessel,  the  greater  will  be  the  force  with  which  the  wave  compels  the 
fore  body  to  rise  or  allows  it  to  fall ;  and  the  same,  in  a  less  degree, 
holds  good  of  the  after  body.  It  is  usual  therefor*  to  state,  in  frac- 
tions of  the  length  of  the  fore  body,  the  distance  of  its  centre  of  dis- 
placement from  that  of  the  vessel,  reckoning  from  that  centre  to  the 
forward  perpendicular,  and  in  like  manner  for  the  after  body  ahaft 
to  the  after  perpendicular. 

Thus,  if  the  fore  body  were  pyramidal,  this  would  bo  one-fourth, 
or  0.25;  if  ellipsoidal,  it  would  bo  three-eighths,  or  0.375;  or,  if 
wedge-form,  one-third,  or  0.33;  and  if  a  square  box,  one-half,  or  0.5. 

XV.  Centre  of  gravity  of  the  out-of-^ater  body  of  a  ship  and  of  its 
fore  and  after  parts. 

These  are  to  be  found  and  recorded  in  like  manner  with  those  of 
the  under  body,  and  for  like  reasons.  If  thesfi  are  found  to  cor- 
respond with  those  of  the  under-water  body,  the  ship  will  have  this 
advantage-^that  the  fore  body,  in  lifting  ite  own  top  weight,  will 
apply  its  raising  force  sxactly  under  the  centre  of  weight  to  be  lifted 
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and  when  the  under-wafter  body  supports  the  out-of-wafer  body,  it 
will  apply  its  force  directly  under  the  weight  to  be  raised,  and  by 
this  means  the  straining  of  the  ship  will  be  the  least  possible. 

XVI.  Centre  of  gravity  of  (Ik  inienwl  room  of  the  ship,  ami  of  ita 
fore  and  afier  bodies. 

If  the  whole  of  the  ship  is  uniformly  filled  with  a  homogeneous 
cai^o,  such  as  tea  or  sugar,  coals  or  cotton,  wool  or  com,  or  any 
other  uniform  weight,  it  is  plain  that  no  discrimination  or  di=crt!tion 
can  be  used  in  stowing  the  weights.  The  cargo  being  all  of  one 
sort,  there  is  no  latitude  for  disposing  heavy  or  light  weights  where 
it  would  be  most  proper  for  them  to  be  carried;  the  condition  is 
simply  that  the  ship  must  be  filled  and  take  her  chance.  In  sueh  a 
ship  everything  depends  upon  the  original  design:  if,  when  the  is 
full,  she  is  found  to  be  badly  trimmed,  perhaps  down  by  the  head, 
or  say  down  by  the  stem,  it  is  too  late  to  help  it. 

It  is,  therefore,  indispensable  that  the  eon.'-tructor  should  know 
where  the  centres  of  weight  of  t!ie  internal  hold,  stowage  and  bulk 
of  such  a  ship  lie.  He  must  ascertain,  first,  the  centre  of  gravitj'  of 
her  entire  internal  capacity,  and  then  of  thefore  and  after  holds; 
and  if  these  fall  over  the  corresponding  centres  of  gravity  of  dis- 
placement of  the  ship  when  at  her  load  water-line,*  then'the  cargo 
will  exactly  balance,  and  the  trim  of  the  ship  will  be  perfectly  main- 
tained ;  if  not,  a  difference  will  be  manifested,  which  will  give  him 
the  measure  of  how  much  she  will  be  out  of  trim  when  laden.  If 
this  difierence  be  inevitable,  no  remedy  remains  except  the  empirical 
one  of  putting  in  some  ballast;  and  the  places  of  these  centres  of 
gravity  will  be  needed  for  the  calculation  of  how  much  ballast  the 
ship  will  require  and  where  it  should  be  placed.  This  is  a  sufiicient 
reason  why  the  centres  of  gravity  of  room  for  cargo  should  be  cal- 
culated with  the  same  accuracy  as  those  of  the  centres  of  displace- 
ment, and  in  a  similar  manner, 

XVII.  Centres  of  gravity  of  the  "  Jionldtts  " 

When  a  ship  heels  over  undei  the  pressure  of  wind  and  sail,  it  is 
the  power  of  tbe  "shoulder"  only  that  enables  her  to  stand  up  under 
it,  and  therefore  it  is  necessary  beforehand  to  know  not  merely  the 
bulk  of  the  "shoulder"  or  its  quantity,  but  the  manner  of  its  appli- 
cation, more  or  less  advantageous,  to  sustain  the  pressure  it  is  re- 
quired to  witlistand.     A  given  quantitj  ot  sail  maj  be  ipphed  cither 
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high  or  low  on  a  mast, ;  and  a  given  quantity  of  "shoulder"  ivill 
require  to  be  applied  -either  farther  away  from  the  centre  of  the 
ship,  or  nearer,  to  suffice  for  this  effort.  The  centre  of  effort  of  sail 
and  the  centre  of  effort  of  'Shoulder"  have,  therefore  hoth  to  be 
found  and  hoth  to  be  measured  from  the  central  axis  round  which, 
speaking  roughly,  the  ^ihip  ha«  turned  in  heeling.  This  measure  is 
generally  given  in  feet,  but  the  centre  of  the  "shoulder"  may  also 
be  reckoned  in  fractions  tt  the  half-breadth  of  the  ship.  Thus,  in  a 
wall-sided,  square  ship  it  wculd  be  at  two-thirds  of  the  half-breadth; 
and  in  a  wedge-shaped  ship,  between  one-half  and  two-thirds. 

XVIII.  Oti  the  iveigkt  of  the  hull  of  a  ship  and  the  place  of  its 
centre  of  gravity. 

For  the  purposes  of  theoretical  calculation  merely,  it  is  a  good 
though  rough  approximation  to  take  the  whole  skin  of  a  ship,  in- 
eluding  her  deck,  as  of  a  given  uniform  thickness  and  weight;  and 
if  the  consti-uctor  knows  from  his  own  experience  the  total  probable 
weight  of  such  a  hull,  he  will  find  it  sufficiently  near  the  truth  to 
make  a  first  calculation  in  this  manner.  Of  course  it  is  not  true, 
absolutely,  in  any  case,  as  scarcely  ever  are  two  ships  built  alike  in 
distribution  of  materials;  but  it  is  sufficiently  near  the  truth  to 
enable  the  dextrous  ship-builder  to  make  it  absolutely  true  in  the 
ultimate  practical  result  by  a  thoughtful  distribution  of  all  the  weights 
of  the  ship  as  to  which  he  has  free  choice. 

All  this  will  serve  only  for  a  first  approximation;  then,  when  all 
the  details  of  the  actual  structure  and  equipment  of  the  ship  are 
finally  settled,  aod  everything  placed,  a  final  calculation  must  be 
made  with  great  accuracy,  showing  the  absolute  volumes  and  weights 
of  the  hull  and  of  its  different  sub-divisions,  and  the  positions  in 
height,  length  and  breadth  of  the  centres  of  gravity,  both  of  figure 
and  (where  practicable)  of  actual  weight,  as  well  as  the  areas  and 
centres  of  the  principal  planes.  When  this'  is  done,  the  constructor 
will  see  whether  his  centres  of  gravity  of  displacement  coincide  with 
the  position  of  the  centre  of  gravity  of  the  hull  and  with  those  of 
the  weights  which  the  ship  is  to  carry,  so  that  the  ship,  as  a  whole, 
as  well  aa  each  part  of  her,  may  do  its  work  perfectly,  and  that  her 
trim,  (on  going  to  sea,  may  be  found  to  be  exactly  as  originally 
intended. 

AVhen  the  designer  has  found  the  place  of  all  of  these  points,  has 
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measured  the  areas  of  all  these  surfaces,  and  has  gauged  all  the 
volumes  and  capacities  mentioned,  he  has  then  the  elements  which 
will  enable  him  to  judge  of  the  qualities  of  his  ship. 

He  may  arrive  at  this  judgment  in  two  ways — either  by  comparing 
the  elements  thus  obtained  with  all  the  similar  elements  of  a  known 
ship,  whose  good  qualities  he  means  to  imitate,  or  he  may  proceed  to 
make  an  absolute  mathematical  determination  of  the  qualities  of  his 
ship,  without  reference  to  any  other  vessel. 

TABLE  XXIL 

The  Wave  System  of  Comtntetion,  or  the  Elements  of  ike  Form  of 

Least  Eemtanee. 


Fore  body I  \        Breadth E 

Afterbody I'  Halfbreadth b 

Wholebody L         |         Draft  of  water <; 

AkEjVS. 

Water-line  fore  body 0.5  X  BX  '■ 

"       after  body 0.5  X  B  X  i'  +  0.19635  X  B^. 

"       whole  body 0.5  X  B  X  L  +  0.19635  X  B'- 

"        fore  body  in  terms  of  E  X  ' 0.5 

"       after  body  in  terms  of  B  X  l'- 0.5  +  ?  X  0.19633. 

'•        whole  body  in  terniB  of  B  X  L. 0.5  +  ^  X  0.19635. 

Area  of  midship  section  K 0.7854  X  B  X  "^ 

Volumes. 

Fore  body 0.7854  X  0,5  X  B  X  i  X  i?  =  0.3927  B  X  ?  X  <t 

After  body 0.3927  X  B  X  i'  X  <*  +  0.13092  X  B'  X  <i- 

Whole  body 0.3927  X  B  X  L  X  ti  +  0.13092  X  B=  X  -i- 

Fore  body  in  terms  of  pmm  of  Jg 0.5 

Afterbody    "  "  " ; 0.5  +  0.1666? 

Whole  body  "  "  " 0.5  +  0.16GG  j 

Fore  shoulder 0,1875  X  6  X  '  X  e. 
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TABLE  XXll.— Continued. 

A  wetjge,  Ihe  base  being  a  circle  "\ 

and  llie  oulline  formed  bj  a  right  I 
cylinder,  slanding  on  Raid  circle. 

the  other   iace   being    an   ellipse  |  y-^     y\  t     ■■\  "      ^      ^  -. 

touohing    the    circle,    the    radina 

being  0.5  6,  and  tlie  height  c.  J 

FhAcm. 

Centre  of  grayitj  of  ^  below  load  water-line 0.42444  X  <^- 

"  "  fore  water-line  from  K 0.2974    X  ^' 

"  "  half-circle  from  K  —  — 0.2122    X  &■ 

Sir 

"  "  after  water-line  from  331 

0.19365  yhXl  +  Q.07854  i'  +   Q.14S7  V'    ■ 
0.S927  6  -t- 1).5  ¥  ■ 

When  in  this  formula  V  =^  1,  and  b  =  0.25,  we  get  this  distance  =  0.338 1'. 
Centre  of  gravity  of  whole  water-line  before  K 

0.1487  (i'  —  l>^)  —  0.19635  W  —  0.07854  i' 

0.3927  X  6  +  0.5  X  L 

When  L  =  1, ;  =  0.6,  l>  —  0,4,  and  6  =  0.1,  this  distance  ia  =  0.0391  X  L- 

Centre  of  gravity  of  half  fore  water-line  from  middle  line 0,375    X  i>- 

"    _  ''  half-circle  from  middle  line 0.5        X  *■ 

half  after  water-line  from  middle  line 
(0.1B75  Xl'  +  0-19635  X  6)  6 
0.5  X  i'  +  0.3927  X  6       ' 
When  i'  =  4  and  6  =  1,  we  get  this  distance,  equal  to  0.395  X  *■ 
Centre  of  gravity  of  the  entire  half  water-line  from  middle  line 
(0.1875  X  L  +  0.19635  X  ^)  * 
0.5  X  L  +  0.3927  X  b 
When  L  =  10  and  6  =  1,  we  get  this  distance,  equal  to  0.384  X  ^■ 

Centre  of  gravity  of  displacement  of  fore  body  before  BJ 0.2974  X  i- 

Centre  of  gravity  of  displacement  of  after  body  abaft  K 
(0.11679  Xi^  + 0.07201  E)i' 
0.3927  V  +  0.13092  B 
When  ?'  =  1  and  B  —  0.5,  we.get  this  distance,  equal  to  0.333  X  I'- 
Centre  of  gravity  of  displacement  of  whole  body  before  SJ 
0,11679  [P  —  V)  —  0.072006  B  X  ^^ 
0.3927  X  L  +  0.13092  X  B 

*  IT  ihe  periphery  of  a  eircle  ^^  3.1i  when  the  diameter  is  1. 
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TABLE  XXn.— Continued. 

When  L  =  1,  B  =  0.2,  ?  =  0.6  and  I'  =  0.4,  we  gel  this  diatanoe  ^  0.0421    X  L. 
Centre  of  gravity  of  displacemenl  of  fore  body  below  load  water-line,  0,42444  X  d. 

"  "  "  Epheroidal  body 0.375     X^- 

"  "  "  after  body, 

(O.16S677X'^  +  0.Q49095XB)  d 
0.3927  X  ^'  +  0,13092  X  B      ' 

When  f  =  2  B  =  6,2832  and  B  =  3,1416,  we  get  this  distance  =  0,41735  X  d. 
Centre  of  gravity  of  the  whole  body  below  load  water-line, 

(0.1  e667?  X  L  +  0.049095  X  B)  <Z 
0.3927  X  L  +  0.13092  X  B       ' 

When  L  =  5B  =  l5.7080and  B  =  3.I416,we  get  this  distance,  equal  to0.42I3X<'. 

Centre  of  gravity  of  fore  shoulder  fi»im  middle  line 0.55o5   X  *■ 

"  "  circular  wedge 0.625     X  &■ 

■'  after  shoulder  (0-10406  X  ^^  +  0.24544  X  6>  6_ 

0.1875  XI'  +  0.S927  X  6         * 

When  l^  ^4  and  6  =:  I,  we  get  this  distance,  equal  to  0,579  X  *■ 
Centre  of  gravity  of -the  whole  shoulder  from  middle  lice, 
(0.10406  X  L  +  0.24544  X  5)  i 
0.1875  X  L  +  0.3927  X  *    ' 

When  L  :=  10  and  i  =  1,  we  get  this  distance,  equal  to  0.5666  X  *■ 
Centre  of  square  fore  shoulder  from  middle  IJne") 

"  "      after      "  "  ( 0.G66G  X  6. 

"  "      whole    "  "  ) 

Centre  of  percussion  of  fore  shoulder  from  middle  line...  =  0,C.)3  X  ^■ 

"  after      "  "  ...  =  0,631  X  b. 

whole    "  "  ...=0.667X6. 

Height  of  meta-centre  above  centre  of  displacement — 

Fore  body". =0.066    X  — - 

After  body ^  0.079    X  — 

Whole  body =  0.068    X  — 

Spheroidal  body.,.. =  0.0937  X  ^ 
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TABLE  XXll.—Q>ntiaued. 

Momenta. 

Moment  of  square   fore  shoulder  =  0.6666  b  X  0.5  X  b  X  I  X  c  ^-  0.333  X 

b'XlXc. 
Moment  of  square  after  shoulder  =  0.6666  6  X  0.5  X  *  X  ^'X  c  ^  0.333  X 

6'Xi'X«- 
Moment  of  square  whole  shoulder  ^  0.6666  6  X  0.5  X  *  X  LX  c  =  0-333  X 

ft'  X  L  X  ^ 
Moment    of    wave   fore    shoulder  =  0.555&X0.1875X6XiXe  =  0.10406X 

h^XlXe. 
Moment  of  wave   after   shoulder  =  (0.1876  X  S  X  ''  X  c  +  0.3927  X  *'  X 

c)  0.579  5  =  0.10SS6  X  6'  X  ''  X  «  +  0.2273  6'  X  «■ 
Moment  of  wave  whole  shoulder  =  (0.1875  X  6  X  L  X  =  +  0.3927  X  6^  X  e) 
0.5666  X  6  =  0.10624  X  6'  X  L  X  o  +  0  2225  X  6'  X  c 
Substituting  in  these  formulos  for  i  =  6,  J'  -=  4, 6  =  1  and  c  —  0  35,  we  shall  get— 
For  the  moment  of  the  square  shoulder  fore  body  0  5 

"  "         ifterbody  0  333 

'■  ■'  "  "        whole  b)dj  0833 

'■'  '■  wave  "        fore  body  0156 

"  "  "  "        tftec  body  0 165 

"        whole  bod)  0  321 

Hence  the  stability  of  the  fore  RhoulderB  are  to  e'lch  other  as    3    1 

"  "  after        "  h        <i  2    1 

whole       "  "         "         2.0  ;  I 

Skin.  

Approximate  periphery  of  immersed  K  =  J  ir-»| . 

by  different  length'^,  pro- 


Wet  surGice  ii 
vided  the  draft  i 


IS  of  periphery  of  cylinder  oi 
IS  one-fourth  of  the  girth  ; 


5  X  B  .716  .752         .733        9  X  B  .709         .726         .715 

6  X  B  .713  .744         .723       10  X  B  .709         .722         .713 
For  variable  drafts  of  water,  keeping  the  same  proportions  between  length  fuid 

breadth,  G  being  girtli;  the  wet  surface  is  equal  to  L  X  2(1  +  L  (O  ~^d]  X  by 

the  following  fractions.* 

Len^hs.         Jore  bodj.     After  bddj.       bodj.        Lenglha.  Fora  body,    Aflnr  body,   boily. 

3  X  B  .45  -.578  .506         7  X  B  .422  .472     '     .440 

4  X  E  .438  .630  .482  8  X  B  .420  .462  .436 
5XB  .432  .504  .466  9XB  .418  .452  .430 
6  X  B            .426            .488          .456        10  X  B            .418          .444  .426 

5>  For  fore  or  after  body  L  beeomes  I  or  I'. 
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A  MAH-OF-HAE  In  general  structure,  may  differ  from  a  merchant- 
man either  -very  little  or  very  mnch.  A  first-class  clipper  differs 
very  little  either  in  size,  proportion,  shape  or  qualities  from  a  fast- 
sailing  frigate  of  ecjuol  tonnage  ;  it  is  mainly  in  the  interior  alrange- 
ment,  fitting  and  equipment  that  they  differ.  Both  equally  require 
that  the  design  of  the  hull  shall  be  stable,  weatherly,  fast,  easy  and 
handy,  and  that  their  structure  shall  be  stout  and  staunch,  and  that 
their  driving  power  shall  be  such  as  to  give  them  the  speed  required. 
The  constructor,  then,  need  only  consider  the  points  in  which  their 
purposes  require  that  they  should  differ. 

As  the  purpose  of  the  merchantman  is  to  carry  freight  and  earn 
profit,  so  the  object  of  the  man-of-war  is  to  fight  and  achieve  victory. 
Power  to  destroy  takes  the  place  of  power  to  carry ;  but  just  as 
carrying  power  does  the  merchant  no  good  if  it  does  not  eam  profit, 
so  fighting  power  does  the  nation  no  good  if  it  does  not  win  victory, 
since  to  win  is  the  work  of  both.  The  question,  therefore,  which 
underlies  the  whole  design,  construction  and  equipment  of  a  man-of- 
war  is  how  to  win  a  victory?  What  are  the  points,  then,  in  a  man- 
of-war  which  will  enable  her  to  win  a  victory  ? 

The  first  point  after  seaworthinees  is,  that  she  has  the  speed  to  find 
her  enemy,  since,  otherwise,  she  may  never  find,  and,  consequently, 
never  fight  her  adversary.*  When  tlie  enemy  is  found,  the  com- 
mander must  have  the  power  to  choose  his  time  to  fight,  for  choice 
of  time  and  place  in  an  action  is  half  the  victory.  Speed,  then,  is  the 
first  condition  of  victory, 

•  It  will  be  remembered  by  the  readers  of  naval  hialory  that  much  of  Nelson's  time 
nas  lost  in  ftuitlesslj  endeavoring  to  lind  tte  French  fleet,  which  at  that  day  was 
VBsUy  superior  to  the  English  fleet  in  point  of  speed. 
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If  what  has  just  been  said  is  true  of  an  action  between  ship  and 
ship,  it  is  much  more  true  of  a  fleet ;  therefore,  all  the  ships  com- 
posing that  fleet  should,  without  exception,  have  the  same  uniform 
highest  rate  of  speed,  otherwise  it  will  not  be  tlie  admiral  who 
chooses  time  and  place  for  the  battle,  but  it  will  be  the  slow  ships 
that  decide.  The  presence  in  the  fleet  of  a  few  slow  vessels  may  be 
enough  to  lose  him  the  battle. 

The  next  point  essential  to  victory  is  choice  of  distance.  Whether 
he  shall  engage  at  long  or  short  range  often  decides  the  fate  of  an 
action.  The  fast  ship  can,  if  she  chooses,  keep  at  long  range  out  of 
the  way  of  the  shot  of  her  enemy,  and  destroy  that  enemy  by  her 
guns  of  longer  range  if  she  possesses  them.  If,  on  the  contrary,  it  is 
the  enemy  which  has  the  longer  range,  the  fast  ship  can  destroy  the  in- 
equality of  range  by  coming  rapidly  to  close  quarters  witli  her  adver- 
sary ;  so  that,  in  either  case,  the  slow  ship  is  nearly  in  the  power  of 
the  fast  one.   The  fiist  ship  and  the  fiist  fleet  then  command  the  victory. 

The  next  point  after  speed  ia  steadinees.  A  ship  of  war  must  be 
regarded  as  the  platform  of  a  floating  batterj' ;  jf  this  platform  be 
Htfiady,  her  guns  may  aim  true  and  deliver  destructive  fire ;  if  not, 
they  fire  wildly  and  do  little  execution ;  iind  to  waste  ammunition  is 
to  fail.  A  stable  platform  in  a  ship  of  war  is  one  of  the  highest 
achievements  of  naval  science.  An  unstable  platform  is  caused, 
sometimes,  by  an  undue  balance  of  weights  in  the  ship,  which  gives 
her  spontaneous  rolling  motion ;  sometimes  by  a  form  which  gives 
her  a  tendency  to  adapt  herself  to  every  change  on  the  surface  of  the 
sea.  But  a  ship  may  be  constructed  so  as  to  give  the  sea  the  least 
power  over  her,  either  to  make  her  roll  or  pitch. 

The  fine  ends  of  the  wave  system  accomplish  the  one,  the  round, 
tumble-home  side  accomplishes  the  other ;  so  that  as  to  a  ship's  own 
tendency  to  roll,  a  low  meta-centre  and  a  low  centre  of  gravity*  do 
all  that  is  possible  to  prevent  that. 

The  wonderful  combination  of  ease  with  stability  and  steadiness  of 
platform  which  distinguished  the  old  French  vessels  of  M.  San6  is 
tft  be  attributed  to  the  success  with  which  he  gave  effect  to  the  tumble- 
home  side,  low  meta-centre  and  low  centre  of  gravity .f 

•  This,  of  oourae,  refers  to  the  etntre  of  Keighl,  not  to  the  centre  of  huojanoj. 

■f  The  U.  S.  frigate  "  Constitutioa"  was  also  a  notahle  inatanoe  of  this;  Tery  few 
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Stability  of  platform  and  consequent  steadiness  are  auotlier  con- 
dition of  victory.  If,  in  a  given  sea,  one  vessel  delivers  her  fire  with 
sure  and  steady  aim,  and  the  other  fires  wildly,  victory  cannot  long 
remain  matter  of  doubt. 

As  size  of  ship  has  everything,  in  a  merchantman,  to  do  with 
quantity  of  cargo,  so  the  size  of  a  ship  has  considerable  to  do  with 
suecessfal  action  between  men-of-war  of  the  broadside  pattern.  The 
odds  are  in  favor  of  the  larger  ship.  This  is  untrue  in  one  sense  and 
true  in  another.  It  is  taken  for  granted  that  the  larger  the  ship  the 
heavier  the  battery  ;  and  it  is  by  the  weight  of  the  broadside  she  can 
deliver  in  a  given  time  that  the  power  of  a  ship  of  war  is  measured. 
Between  two  ships,  then,  of  different  size,  it  must  be  supposed  that  the 
weight  of  the  broadside  is  proportioned  to  the  size  of  the  ship,  or  that 
the  greater  tonnage  carries  with  it  the  heavier  armament  and  tlie 
larger  ship's  company  to  work  it.  This  being  so,  the  victory  will  be 
on  the  side  of  the  larger  ship. 

Power  oj  battery  is,  therefore,  the  next  element  of  victory,  and  the 
best  ship  is  that  which  can  carry  and  work  the  most  powerful  bat- 
tery. But  now  the  question  arises.  What  shall  be  called  tlie  most 
powerfiil  battery?  Shall  it  be  the  greater  number  of  guns,  the 
greater  size  of  the  guns  or  the  greater  weight  of  broadside?  It  is 
now  generally  admitted  that  victory  lies  with  the  larger  guns  and 
the  heaviest  broadside,  and  that  a  number  of  guns  of  small  calibre 

The  basis  of  construction,  then,  of  a  man-of-war,  may  he  said  to  he 
the  weight  of  armament  she  is  to  carry  aiid  the  speed  at  which  she  is 
to  carry  it,  just  as  in  the  merchantman,  it  is  the  weight  of  cargo  she 
has  to  receive  and  the  speed  at  which  she  has  to  deliver  it ;  the  object' 
of  both  being  to  carry  a  given  weight  to  a  given  place.  But  the 
difficulty  with  a  man-of-war  is,  that  she  has  to  carry  her  weights  in 
the  wrong  place ;  the  merchantman  carries  her  weight  in  her  bold  ; 
the  man-of-war  has  to  cany  hers  on  her  decks.  The  deck  of  the 
man-of-war  is  her  battery  platform,  that  her  guns  may  be  carried  (veil 
out  of  the  water,  which  is  an  obvious  condition  (except  in  certain 
peculiarly  built  vessels)*  of  fighting  them  successfiilly.  Men-of-war 
with  a  low  gun  deck  must  shut  their  ports  in  a  heavy  sea,  and  that. 
deck  is  then  useless.   The  loss  of  the  lower  gun  deck  in  an  old-fashioned 
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line-of-battle  ship  was  only  a  partial  disannament,  but  in  the  modem 
ship  it  is  total  defeat. 

The  armament  to  be  carried  and  the  height  at  which  it  is  to  be 
carried  must  firet  be  settled,  then,  and  this  may  be  called  the  ruling 
condition  of  the  modem  fleets  of  the  broadside  type.* 

The  weight  of  the  heaviest  broadside  ship  of  to-day  may  be  taken 
at  50  guns,  of  say  12  tons  each,  or  600  tons  of  weight  carried  in  a 
single  tier  at  9  feet,  or  in  a  double  tier  at  13  feet.  This  is  tlie  prob- 
lem that  English  and  French  constructors  have  had  to  solve. 

Next  comes  a  new  condition  of  naval  construction  arising  out  the 
modem  invention  of  iron  armor.  You  can  destroy  the  enemy  if 
yonr  ship  has  the  speed  to  catch  him,  and  battery  enough  to  smash 
and  sink  him  ;  but  an  important  question  remains — your  powers  of 
endurance  and  his.  Therefore  power  to  endure  the  enemy's  fire  is 
next  in  value  to  the  jiower  with  which  you  deliver  your  own  broad- 
side. The  assistance  of  iron  is  therefore  sought.  With  iron  armor 
the  ship  may  endure  the  enemy's  battering ;  and  in  this  case  power 
of  endurance  is  ultimate  and  sure  victory. 

The  endurance  of  iron  armor  is  found  to  consist  in  tivo  qualities, 
and  only  two — weight  and  toughness.  Without  weight  in  the  armor 
it  is  impossible  to  stop  the  moving  weight  in  the  sho^,  and  without 
toughness  it  is  impossible  to  arrest  its  speed.  The  weight  of  the 
armor  struck  diminishes  the  speed  of  the  motion  communicated  to  it; 
and  the  toughness  of  the  armor  serves  to  spread  the  motion  around 
the  point  struck,  and  to  extend  this  motion  forward  along  with  the 
ball,  so  as  to  retain  hold  of  it  with  most  force  through  the  longest 
time.  Tliis  is  the  whole  virtue  of  armor.  Light  armor  is  of  no  use, 
because,  in  proportion  to  its  lightness,  it  receives  more  motion,  while 
rigid  or  hard  armor  cannot  spread  the  impact  of  the  shot  and  keep 
hold  of  it  long  enough  to  arrest  it.  Hence  all  sorts  of  shapes  of 
thin  armor,  as  well  as_  all  attempts  to  use  armor  of  hard  steel  or 
unplastic  iron  to  arrest  the  shot,  have  foiled.  The  part  of  the  armor 
struck  by  a  round  shot  has  to  be  at  least  as  heavy  as  the  sliot  itself 
to  keep  it  out,  and  at  least  so  tough  aa  to  spread  the  blow  over  an 
area  two  or. three  times  its  own  diameter,  and  be  able  at  the  same 

«  The  old  style  was  A  and  5  feet  out  of  water ;  6  to  T  is  the  teight  of  the  ports  of 
tlieahipaof  the  Frenclinovj;  8  tu  9  of  the  ships  of  Ihc  British  dbyj;  11  feet  nils  the 
height  of  the  United  States  sleam  frigalfl  "Merrimac's"  midship  port. 
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time  to' yield  and  bear,  without  fracture,  an  indent  nearly  the  thick- 
ness of  the  plate  itself.  These  qualities  attained,  the  armor  is  shot- 
proof.  Experienee  teaches  that  armor  should  be  iwo-thirdB,  at  least, 
the  diameter  of  the  round  shot  fired  at  it,  while  it  should  be  of  the 
toughest  and  most  plastic  material  that  can  be  produced.* 

Yet,  when  cylindrical  bolts  can  be  fired  with  the  same  velocity  as 
round  shot,  still  heavier  armor  and  new  conditions  will  be  required 
to  resist  it,  and  there  wOl  still  remain  this  question.  Whether  the 
punched  boles  of  the  rifled  shot  will  do  greater  harm  than  the  batter- 
ing and  punching  power  of  the  heavy  round  shot  like  the  15  and  20 
inch.  The  problem  of  endurance  may,  however,  be  considered  as 
solved  when  ships  can  be  coated  with  armor  which  hardened  spheri- 
cal shot  of  the  above  calibre,  fired  with  an  initial  velocity  of  1500 
feet  per  second,  cannot  pierce. 

Power  of  endurance,  therefore,, is  bound  up  in  these  three  things : 
weight  and  quality  of  armor,  and  weight  and  speed  of  shot,  with 
which  also  go  weight  and  size  of  gun.  For  the  ]>urpose)j  of  naval 
construction  it  may  be  given,  as  a  general  rule,  that  tie  thickness  of 
the  armor  should  be  at  least  two-thirds  the  diameter  of  the  spherical 
shot,  and  the  gun  about  a  hundred  times  the  weight  of  tlie  shot. 

The  8-inch  shot  will  have  to  be  stopped  with  6i-iuch  armor,  the 
9-inch  shot  with  6-inch  aimoi,  thel2-ineh  shot  with  8-inch  armor,  the 
15-inch  shot  with  10-inch  armor,  and  the  20-inch  shot  with  15-lnoh 
armor.     These  are  the  conditions  of  endurance  to  be  met  at  present. 

But  armor  to  a  ship,  like  armor  to  a  soldier,  is  plainly  an  encuta- 
brance  and  embarrassment  as  well  as  a  defence.  It  is  a  great  weight 
to  carry;  it  is  top  weight,  and  therefore  hard  to  carry;  it  is  winged 
weight,  and  therefore  slow  to  move,  but  hard  to  stop  when  moving. 
Armor,  then,  adds  a  new  difficulty  to  construction,  of  Uie  same 
nature  as  a  heavy  battery  of  guns — with  this  addition,  that  it  is  much 
greater  in  quantity. 

For  example,  the  armament  of  the  side  of  one  of  the  English  iron- 
clads for  a  single  gun  only,  when  5  inches  thick,  weighs  30  tons : 
and  if  a  two-decker,  20  tons  for  each  gun.  It  is  plain,  therefore, 
that  the  ship  which  was  able  to  carry  5-ton  guns  on  its  deck  may  he 
quit«  unable  to  carry  those  guns  with  the  addition  of  20  or  30  tons 

*  The  Sheffield,  Lonmoor  and  Pittsburg  works  produce  this  kind  of  iron  in  great 
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of  armor  for  each  gun;  and  assuming  tiiat  a  15-ton  gun  is  the  future 
armament  of  a  broadside  ship,  she  will  have  to  carry  mlh  each  of 
these  guns  60  tons  of  armor,  if  a.  single  decker,  or  40  tons  of  armor 
if  a  double  decker ! 

These  considerations  enable  one  to  understand  and  ijieasure  the 
work  to  be  done  by  an  iron-plated  armor  ship.  If  her  guns  be  light 
and  numerous,  and  her  armor  thin,  she  may  be  able  to  carry  it  over 
her  whole  length,  with  only  so  much  additional  breadth  as  suffices  to 
carry  the  weight  of  armor  and  armament  in  respect  to  buoyancy 
and  stability ;  but  when  tlie  weight  of  the  guns  and  the  thickness 
of  the  armor  are  increased  so  much  that  the  dimensions  to  which  the 
constructor  may  be  limited  are  Inadequate  to  carry  them,  he  has  to 
begin  afresh  and  seek  new  conditions  of  structure. 

It  is  thus  that  the  partial  battery  system  has  grown  out  of  extreme 
weight  of  battery  and  of  armor,  the  size  of  a  ship  being  limited  by 
the  narrowness  and  shallowness  of  the  channels  it  has  to  navigate, 
and  by  seagoing  qualities.* 

If  therefore,  the  constructor  has  a  given  length,  breadth  and  depth, 
it  is  clear  that  these  dimensions  limit  the  power  of  the  ship  to  the 
weight  of  guns  and  armor  slie  can  carry ;  and  it  is  no  longer  a  ques- 
tion, as  in  the  old  wooden  ships,  of  carrying  her  battery  or  gun 
platform  along  her  broadsides  from  st«m  to  stem.  So  many  guns 
and  so  much  armor  as  she  can  securely  carry  she  may  take,  and  to 
that  quantity  she  is  limited  by  the  conditions  of  her  existence.  These 
conditions  have  given  rise  to  tlie  modem  system  of  partial  batteries, 
of  which  the  "Ironsides"  of  our  service,  the  "Warrior"  and 
"Achilles"  of  the  English  navy,  and  the  "Magenta"  and  "Sol- 
ferino"  of  the  French  navy  are  instances. f 

Necessity,  therefore,  and  not  choice,  has  been  the  origin  of  the 
partial-battery  system ;  and  officers  of  the  old  school,  who  regret  the 
continuous  batteries  of  bygone  wooden  fleets,  should  remember  that  it 
is  simply  impossible  to  carry  a  greater  weight  higher  out  of  the  water 
with  stability  and  seaworthiness  than  the  laws  of  nature  will  admit. 

•  Docks  ana  harbors  aometimos  limit  theas  dimenaiona  ;  bnt  it  is  less  costly  to  alter 
doclta  or  dredge  harbors  than  to  have  a  fleet  OTermatohed  and  defeated;  and  it  is 
agreed  that  the  whole  question  is  one  of  gaining  victory. 

t  The  "Warrior's"  gnn  platform  occupies  only  220  feet  of  her  length;  the  "Sol- 
ferino's"  doublo-tier  gun  battery  only  loO  feet  of  her  length ;  the  "  Belleropbon's" 
and  the  "  Ironsides' "  only  150  feet  on  a  single  decli. 


Hosted  by  Google 


190 


NAVAL   ARCHITECTURE. 


An  important  consideration  belonging  to  tlie  partial-battery  system 
is  the  great  stability  of  platform  and  admirable  sea  qualities  which 
■  arise  from  the  concentration  of  great  weights  on  the  central  body  of 
the  ship,  instead  of  carrying  them  out  to  the  ends. 

To  a  modem  fast  screw  steamer  fine  ends  are  indispensable.  To 
cover  these  fine  ends  with  heavy  armor  and  broad  gun  platforms  is 
to  produce  in  every  way  a  had  seagoing  ship.  No  more  armor  must 
extend  toward  the  ends  than  is  indispensable  for  the  ship's  endurance ; 
and  therefore  it  is  enough  that  it  be  carried  up  to  the  first  deck  out 
of  water,  and  as  far  forward  as  the  ship  needs  protection;  this 
done,  the  armament  and  armor  should  be  concentrated  in  the  centre, 
where  the  middle  body  has  power  to  support  them,  and  where  action 
of  the  sea  on  the  ends  of  the  ship  will  not  much  disturb  their  star 
bility.  The  battery  thus  concentrated  in  the  middle,  the  extremities 
of  the  vessel  may  serve  for  all  that  accommodation  for  officers  and 
crew  which  can  only  be  well  given  where  tliere  is  plenty  of  room, 
light  and  air ;  and  it  is  only  this  system  which  can  thus  combine  in 
the  same  ship  an  impregnable  fortress  in  the  centre,  and  a  roomy, 
■well-veniilated  home  in  tlie  hvo  ends.  The  partial-battery  system, 
therefore,  seems  the  best  solution  of  the  problem  of  heavily-armed, 
iron-clad,  distant-cruising,  speedy  and  seaworthy  ships. 

The  form,  therefore,  which  the  problem  of  modem  naval  constmc- 
tion  takes  is  this:  Such  a  length  of  ship  as  will  enable  her  to  attain 
the  speed  necessary  to  catch  ber  enemy,  choose  her  time  and  place 
of  action,  and  fix  her  own  distance  for  engagement.  The  dimension 
of  her  breadth  will  next  he  fixed  by  the  height  at  which  her  gun 
platform  must  be  carried  above  water,  while  the  number  of  guns 
which  that  platform  must  contain  should  be  limited  entirely  by  the 
quantity  she  can  steadily  sustain.  The  partial  battery  thus  becomes 
a  fortress,  within  which  must  be  included  whatever  is  most  vital  and 
valuable — guns,  ammunition,  engines  and  boilers. 

One  of  the  forms  of  partial  battery  is  the  circular  form  or  revolving 
turret,  which  deserves  a  separate  notice,  since  a  kind  of  rivalry  has 
arisen  between  it  and  the  fixed  partial  battery ;  but  in  reality  there 
is  no  antagonism,  both  being  parts  of  the  same  system,  capable  of 
being  used  together  or  separately  under  peculiar  circumstances,  to 
which  either  is  the  better  fitted.  The  case  to  which  the  revolving 
turret  is  peculiarly  suited  is  this  :  A  ship  has  not  always  the  power 
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of  running  close  to  her  enemy  and  sustaining  his  fire  with  closed 
ports  until  she  is  &irly  alongside  and  ready  to  deliver  a  broadside. 
The  case  is  frequently  that  of  her  having  to  chase  an  enemy,  out- 
manceuvre  him  or  pass  a  battery  through  a  sinuous  course  or  tortuous 
channel.  In  such  a  case  there  occur  many  positions  of  the  ships 
■where  broadside  guns  are  of  no  avail,  not  having  the  lateral  training 
sufficient  for  the  purpose. 

The  revolving  turret  has  therefore  the  folloiving  advantages :  It 
supplies  a  convenient  and  easily-handled  mounting  fur  a  vry  large 
gun ;  it  has  machinery  which  enables  that  gun  to  be  worked  with  a 
very  small  crew,  trained  with  the  greatest  ease,  and  aimed  with  the 
greatest  exactness  round  any  number  of  degrees  of  a  circle,  so  that 
its  aim  may  be  at  all  times  independent  of  the  course  of  the  ves-'cl ; 
and  it  secures  these  advantages  with  a  very  small  opening  of  port, 
and  therefore  with  comparative  safety  to  the  gun's  crew,  by  carrying 
round  with  the  gun,  on  the  same  revolving  platform,  a  complete 
shield  of  armor.  It  is,  in  short,  a  revolving  round-tower,  containing 
a  couple  of  guns,  or  a  single  gun,  on  parallel  fixed  platforms  on 
the  inside — these  guns  having  no  lateral  train  of  themselves,  but 
merely  elevation  and  depression.  The  training  is  done  hy  machinery, 
with  steam  from  the  boilere,  which  carries  this  turret  round  a  centre- 
balancing  pivot  or  spindle  directly  over  the  keel  of  the  ship. 

The  word  of  command  diverts  the  turret  to  the  right  or  left,  slow, 
quick  or  stop ;  whil«  the  captain  of  the  gun  stands,  lock -string  in 
hand,  with  his  eye  on  the  sight,  ready  to  fire  at  the  instant  his  gun 
bears  upon  the  enemy.  A  trial  of  this  an-angement  through  a  great 
war  has  convinced  most  officers  that  this  is  the  perfection  and  Inxuiy 
of  gunnery. 

But  the  turret  system  is  valuable  only  in  special  cases.  It  enables 
a  vessel  to  carry  a  greater  weight  of  iron  to  protect  her  guns  and 
hull ;  on  the  other  hand  the  guns  are  few  in  number,  and  their  fire 
extremely  slow.  The  turret  ship  cannot  afford  to  throw  away  a  shot, 
and  must  come  to  close  quarters  to  fight ;  and  unless  she  possesses 
great  speed,  this  cannot  be  done.  For  the  defence  of  a  coast  line,  and 
for  close  action  in  which  ship  is  pitted  against  ship,  actual  war  has 
proved  the  turret  system  to  be  the  better  of  the  two.  For  the  reduc- 
tion of  forts  and  batteries,  and  for  distant  and  1 
the  broadside  system  has  the  advantage. 
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The  operations  against  Charleston  and  the  reduction  of  Fort 
Fisher,  during  our  lat«  war,  abundantly  proved  the  merits  of  the 
two  systems,  as  illustrated  in  the  case  of  the  "Monitors"  and  "New 
Ironsides."  The  views  here  expressed  are  not  therefore  exclusively 
partisan  to  either  system.  The  following,  however,  is  a  plan  whicli, 
it  is  thought,  combines  the  advantages  of  both : 

When  the  number  of  guns  is  small,  say  four,  and  the  ship  is  of 
sufficient  size  conveniently  to  carry  them,  let  her  carry  four  guns  in 
two  turrets,  and  use  both  systems  together.  Place  two  turrets,  one 
in  the  after  body  and  one  in  the  fore  body,  afore  and  abaft  the  engine- 
room  ;  then  enclose  the  whole  space  on  deck  between  the  two  so  as 
to  form  a  broadside  battery:  the  bow  turret  might  sweep  270°  of  the 
horizon,  the  stem  turret  the  same ;  and  in  addition  to  the  turrets  in 
the  ship,  with  60  feet  of  engine-room,  have  a.  broadside  of  four  guns, 
or  eight  in  all  on  each  broadside;  the  whole  length  of  battery  not  to 
exceed  120  feet  of  the  centre  of  the  ship. 

The  protection  of  boilers,  magazine  and  machinery  and  the  deck 
immediately  under  the  feet  of  the  gun's  crew  is  by  far  the  most  im- 
portant feature  of  protection.  The  protection  of  the  gun's  crew  or 
of  the  battery  is  not  so  important  for  the  following  reasons  :  Naval 
action  with  long-range  guns  will  commence  as  soon  as  the  ships  are 
within  range  of  each  other,  and  will  probably  conclude  before  coming 
to  close  quarters,-  It  will,  therefore,  be  the  destruction  of  the  ship 
rather  than  the  slaughter  of  the  crew  which  wHl  decide  the  battle. 
The  ship's  hull,  as  a  whole,  will  be  the  target  aimed  at;  therefore, 
the  men  will  be  quite  ready  to  fight  their  guns  as  of  old  without  per- 
sonal protection,  provided  the  deck  on  which  they  stand  is  made  safe. 

For  a  multitude  of  purposes,  fleet  cruisers  with  partial  protection 
and  great  speed  would  be  most  useful.  They  need  never  be  reckoned 
as  ships  of  the  line-of-battle,  nor  take  higher  rank  than  fast  cruisers. 
They  could  always  choose  when  to  fight  and  when  to  avoid  action. 
They  would  never  be  expected  to  lay  alongside  of  shot-proof  batr 
teries,  as  they  could  render  more  important  service  without  the 
chance  of  entailing  national  discredit. 

Much  has  been  said  of  protecting  the  water-line  of  a  ship,  as  if  the 
water-line  was  something  tangible  and  defined.  The  water-line  in  a 
sea-way  is  just  what  the  fancy  of  the  sea  and  stress  of  weather  choose 
to  make  it — an  abstraction,  not  a  reality.     The  whole  thiu  part  of 
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the  bow  and  stern  are  liable  t^  be  out  of  water.  Protection  of  a, 
water-line  is,  therefore,  a  fictitious  element  of  safety  against  the  gun- 
ner who  watches  his  time  to  deliver  his  shell  near  the  bow  or  stern 
of  his  enemy's  ship  the  moment  the  wave  leaves  the  stern  or  bow 
bare.  The  only  protection  thin,  fine  ends  can  receive  is  the  sub- 
division, horizontally,  vertically  and  longitudinally,  by  bulkheads — 
forming  water-tight  compartments. 

Having  decided  upon  the  quantity,  of  armor  to  be  carried,  this 
sub-division  into  water-tight  compartments  becomes  the  great  ele- 
ment of  safety  and  endurance.  It  gives  the  means  of  sustaining 
damage  to  the  hull  for  the  longest  time  with  the  least  danger.* 

To  the  utmost  then,  even  at  the  loss  of  some  convenience,  the 
interior  of  the  ship  should  have  transverse  bulkheads,  longitudinal 
bulkheads  and  iron  decks,  all  water-tight ;  air-tight  even,  if  possible.f 
The  contents  of  all  spaces  should,  to  a  great  extent,  be  carried  as  it 
were  in  tanks.  All  openings  for  ordinary  accommodation  should 
have  water-tight  iron  hatches,  covers  and  doors;  and  closing  ail 
these  openings  would  be  tlie  first  preliminary  to  action.  Powerful 
steam  pumps  should  also  be  furnished  as  a  necessity  for  casualty. 

An  iron-clad  vessel  without  such  minute  sub-division  is  not  only 
liable  to  be  sunk,-  but  long  before  that  is  liable  to  overturn  from 
diminished  stability;  whUe  an  iron-armored  ship,  with  these  pro- 
visions for  action  ably  carried  out,  may  be  regarded  during  a  pro- 
tracted action  as  equally  proof  against  artillery,  water  and  fire, 

«  Water-tight  compartments  have  not  proved  veiy  Buooessful  in  wooden  ships.     In 
iron  vessels,  howayer,  the  contrary  is  tlie  case, 
t  The  iron-cased  Bbips  of  the  Brltieb  nav;  Eire  admirabl;  protected  in  this  naj. 
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CHAPTER    XXV. 


It  is  absolutely  necessary,  in  order  to  scientiJimUy  construct  a  vessel, 
that  the  designer,  whether  owner  or  builder,  should  thoroughly  under- 
stand ship  drawing. 

The  first  process  toward  building  a  properly-constructed  vessel  ia  to 
make  accurate  drawings  of  her  on  paper  upon  a  reduced  scale.  From 
these  drawings  other  drawings  are  made  or  "  laid  off"  upon  the  mould- 
loft  floor.  From  these  last-mentioned  drawings  in  chalk,,  moulds  of  thin 
deal  are  made,  and  by  the  help  of  these  moulds  the  timbers  compos- 
ing the  "  frame"  of  the  vessel  are  cut  out  and  the  frame  put  together. 

The  drawings  &om  which  a  ship  is  constructed  are  three  in  number  :* 

IbL  The  sheer  plan,  containing  a  series  of  longitudinal  vertical  sec- 
tions. 

2d,  The  half-breadth  plan,  containing  a  series  of  lon^tudinal  trans- 
verse sections. 

3d.  The  body  plan,  containing  a  series  of  transverse  vertical  sections. 

The  student  should  begin  by  copying  a  set  of  drawings,  which  is 
quite  easy.  Like  other  arts,  it  requires  a  little  practice,  but  after  a 
few  attempts  he  will  become  dextrous  in  the  use  of  the  irregular 
curves,  battens  and  drawing  pen.    There  are  three  methods  of  copying : 

First.  By  a  tracing  of  the  original  on  prepared  traa'sparent  paper 
or  muslin  placed  over  it. 

Second.  By  placing  the  original  plan  over  a  sheet  of  paper  and 
pricking  the  principal  points  through  with  a  fine  needle,  so  as  to  mark 
the  lower  sheet;  guided  by  these  points,  the  draughtsman  can  fill  in 
the  detail,  a  little  practice  only  being  necessary,  and  an  expert 
draughtsman  requiring  but  a  few  points.  Care  must  be  taken  to 
hold  the  needle  upright. 

*  See  drawing  of  the  schooner  yacht. 
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The  third  plan  is  to  measure  the  principal  points  with  a  pair  of 
dividers  or  a  scale,  and  to  transfer  these  points  to  the  copy  ;  this  is 
the  best  method  for  the  student.  After  copying  one  or  two  drawings 
in  this  manner,  he  wili  become  acquainted  with  the  connection  be- 
tween the  different  lines  in  the  plans.  Some  draughtsmen  stretch 
their  paper  on  the  drawing  board  by  the  sponging  process,  which 
presents  an  escellent  surfece  for  drawing  on  ;  but  when  cut  from  the 
board,  the  paper  invariably  contracts,  and  therefore  the  drawing  will 
be  more  or  less  inaccurate  according  to  the  extent  of  this  contraction. 

The  best  method  is  to  hold  the  paper  to  the  board  with  "thumb 
tacks."  Suppose,  then,  that  the  student  is  to  copy  a  ship  drawing. 
It  is  only  necessary  to  describe  the  order  in  which  the  lines  should 
be  copied,  the  connection  between  them  and  the  method  of  ending 

As  a  general  rule,  the  iines  representing  the  actual  parts  of  the 
vessel  are  drawn  in  black;  the  water-lines  or  horizontal  sections  below 
the  load  water-line  in  green ;  those  lines  which  are  not  part  of  the 
vessel,  but  are  of  use  in  making  the  drawing,  in  ticked  blaek ;  and  the 
inboard  work  or  profile  in  red  ink. 

The  light  is  supposed  to  come  from  the  rigkt-hajid  upper  comer  of 
the  paper,  and  consequently  the  upper  and  right-hand  sides  of  a  solid 
are  represented  hy  fine  or  thin  lines ;  those  on  the  lower  or  left  hand, 
by  thicker  linea :  thus,  the  lower  side  of  the  kee!  is  thick,  the  fore  side 
of  the  masts  are  thin,  etc.  The  drawing  should  be  completed  in 
pencil  before  ink  is  used. 

The  middle  line  of  the  half-breadik  plan  is  first  drawn,  and' from 
this  line,  as  a  base,  all  breadths  are  measured  perpendicular  to  it ; 
first,  the  foremost  perpendicular  is  drawn,  and  then,  at  thefr  proper 
distances,  the  lines  corresponding  to  the  other  vertical  sections. 

The  load  water-line  of  the  i^eer  plan  is  drawn  parallel  to  the  middle 
line  of  the  half-breadth  plan,  and  consequently  the  sections  are  verti- 
cal to  it.* 

From  the  load  water-line  all  heights  and  depths  are  measured ;  it  is 
therefore  the  base  of  the  sheer  and  body  plans.  The  rabbet  line  and 
lower  side  of  the  keel  in  the  sheer  plan  are  next  drawn;  the  interme- 

*  Ibis,  however,  is  not  alwaja  the  case,  for  sometiracs  the  upper  edge  of  the  rabbet 
of  the  keel  is  mode  the  base  of  the  sheer  and  body  plana,  hut  where  there  is  much 
difference  in  the  draft  of  ranter  forward  and  aft,  the  load  water-line  Is  preferable. 
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diat«  water-lines  are  sometimes  drawn  parallel  to  the  load  water-line, 
and  sometimes  at  equal  distances  between  it  and  tie  rabbet  line  of 
the  keel :  in  the  former  case  there  is  less  trouble  in  transferring  the 
heights  to  the  body  plan ;  in  the  latter  they  are  better  adapted  for 
mating  the  calculations. 

The  several  sheer  lines  must  nest  be  set  off,  the  heights  taken  from 
the  water-line  on  each  section,  and  a  penning  batten*  made  to  pass 
through  the  points,  and  a  line  drawn  along  the  batten. 

The  stem,  rabbet  of  stem,  the  d&m-j/ost  and  its  rabbet  are  nest  in 
order.  The  counter  may  be  copied  by  drawing  in  the  original  a  con- 
tinuation of  the  rake  of  the  counter  through  the  water-line  to  some 
other  line  below  it ;  this  line,  transferred  to  the  copy,  will  give  the 
rake  of  the  counter.     The  detail  of  this  part  is  then  easily  filled  in. 

The  different  half-breadths  of  the  water-lines  and  of  the  sheer 
lines  must  next  be  transferred  from  the  original,  and  a  thin  batten 
"penned"  to  pass  through  the  points  in  each  section.  Some  practice 
ajid  considerable  patience  are  necessary  in  using  the  penning  battens 
aid  weights  on  it ;  if  the  batten  is  too  pliant,  the  line  may  not  be  a 
feir  curve,  and  if  too  stiff,  it  is  difficult  to  confine  it  in  its  proper 
position. 

The  endings  of  the  sheer  lines  and  water-lines  in  the  half-breadth 
plan  are  obtained  by  squaring  down  from  the  sheer  plan  the  inter- 
section of  each  line  respectively  with  the  fore  edge  of  the  rabbet  of 
the  stem,  or  the  after  edge  of  the  rabbet  of  the  stefu-post,  as  the  case 
may  be,  to  the  middle  line  of  the  half-breadth  plan,  and  from  these 
spots  set  off  from  and  perpendicular  to  the  middle  line  half  the  siding 
of  the  stem  or  stern-post  at  the  respective  heights ;  these  latter  spots 
will  be  the  endings  required. 

The  middle  line  of  the  body  plan,  or  fore  perpendicular,  is  drawn 
square  to  the  base,  and  the  half  siding  of  the  stem  and  stem-post  on 
each  side  of  it.  It  is  usual  to  make  the  base  of  the  sheer  and  body 
plans  in  one  line,  and  therefore,  when  the  load  water-line  is  the  base, 
a  continuation  of  it  from  the  sheer  plan  will  be  both  the  base  and 
the  load  water-line  of  the  body  plan  also.  When  the  other  water-lines 
are  parallel  to  the  base,  they  may  also  be  continued,  but  when  not 
parallel  the  distance  of  each  water-line  &om  the  base  must  be  trans- 

*  This  ehoald  be  made  of  wialebojie  or  lancewood,  and  used  with  sum]]  weights  to 
lieep  it  penned  in  {ilaoe. 
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ferred  from  the  sheer  to  the  body  plan.  Lines  drawn  square  to  the 
middle  line  at  these  heights  will  represent  the  vertical  height  of  each 
water-line  at  eauh  section  in  the  body  plan,  and  on  these  lines  the 
respective  half-breadths,  taten  from  the  half-breadth  plan,  must  be 
set  off  from  the  middle  line;  the  several  sheer  lines  are  transferred  in 
a  similar  manner.  A  curve  passing  through  the  points  thus  found 
will  give  the  shape  of  that  section  in  the  body  plan.  A  better 
way  is  to  take  off  the  heights  and  breadths  of  each  section  sepa- 
rately, commencing  with  the  midship  section,  which  is  often  drawn  on 
both  sides ;  the  sections  of  the  fore  body  being  drawn  on  the  right,  and 
those  of  the  after  body  on  the  /e/(-hand  side  of  the  middle  line.  The 
sections  of  the  body  plan  will  end  at  the  half-siding  of  the  keel,  stem 
or  stern-post  as  to  breadth^and  at  the  lower  edge  of  the  rabbet  of  the 
keel  as  to  depth  in  each  section. 

When  the  intermediate  water-lines  are  parallel  to  the  base,  the 
breadths  have  merely  to  be  set  off  on  them.  In  drawing  these  sec- 
tions of  the  body  plan,  the  irregular  curves  must  be  used  and  each 
line  drawn  in  small  pieces.  After  a  little  practice  this  is  very  easy, 
although  at  first  some  difficulty  may  be  experienced  in  forming  fair 
and  correct  curves.  By  tracing  about  a.dozen  body  plans  the  student 
will  become  accustomed  to  the  use  of  the  curves.  When  the  body 
plan  is  so  &.r  completed  it  may  be  necessary  to  "fair  the  body"  by 
running  diagonal  and  bullock  lines.  In  transferring  the  former  from 
the  body  to  the  half-breadth  plan,  the  distance  of  each  section 
is  taken  oo  the  line  of  the  diagonal  from  the  middle  line  of  the 
body  plan,  and  applied  to  the  corresponding  section  of  the  half- 
breadth  plan.  A  batten  passed  through  these  points  will  detect  any 
unfairness  in  the  line,  which  must  be  corrected.  'A  diagonal  line  ends 
in  the  half-breadth  plan  at  the  height  of  its  intersection  with  the 
half-siding  of  the  stem  or  stern-post  in  the  body  plan,  transferred  to 
the  rabbet  in  the  sheer  plan,  and  squared  down  to  the  half-breadth ; 
on  this  the  diagonal  distance  of  the  middle  line  to  the  half  aiding 
line  of  the  body  plan  is  set  off,  which  gives  the  ending  required 

A  buttook-\mB  in  the  body  and  half-breadth  plans  is  diawn  parallel 
to  the  middle  line,  the  distances  of  its  intersection  with  eich  lection 
from  the  base  are  transferred  from  the  body  to  the  sheer  plan,  and 
a  batten  passing  through  these  spots  will  detect  any  unfairness;  or, 
as  a  further  proof,  the  intersection  of  each  water-line  with  the  buttock- 
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line  in  the  half-breadth  plan  may  be  squared  up  to  the  respective 
water-lines  in  the  sheer  plan ;  and  if  the  buttock-lioe  of  the  sheer  plan 
does  not  agree  with  these  last^found  points,  some  alteration  must  be 
made  until  the  body  is  fair,  which  is  the  case  when  al!  the  intersect- 
ing points  exactly  coincide,  and  the  diagonal,  buttock  and  water-lines 
of  each  plan  are  fair  lines.  The  forward  portion  of  the  biitloek-\me 
is  called  the  bow  line. 

In  the  foregoing  description  the  body  and  half-breadth  plans  are 
drawn  to  the  outside  of  the  plank;  m  the  ship-builder's  working 
drawings  the  outside  of  the  timbers  only  is  shown.  In  this  case  the 
sections  of  the  body  plan  and  the  water-lines  of  the  half-breadth  plan 
are  ended  by  describing  an  arc  of  a  circle  with  the  radius  of  the  thick- 
ness of  the  plank  from  the  ending  before  found  as  a  centre;  the  lines 
will  end  at  the  back  of  this  arc. 

The  best  rule  in  copying  a  drawing  is  to  take  as  few  points  as 
possible  from  the  original,  and  to  find  the  points  in  one  plan  from, 
those  in  another;  by  this  means  any  error  is  much  less  likely  to  pro- 
duce an  unfair  or  impracticable  drawing. 

The  model  is  a  feature  peculiar  to  American  ship-building.  Models 
were  made  in  Europe  as  early  as  the  middle  of  the  last  century ;  but 
they  were  what  would  be  recognized  as  the  skeleton  model,  made  of 
pieces  representing  the  lialf  frames,  and  were  neither  adapted  to  the 
purposes  of  building  nor  of  exhibiting  the  lines  of  flotation.  The  in- 
vention of  water-line  models  was  the  result  of  accident.  In  the 
Eastern  States  and  in  the  British  provinces  men  who  were  unac- 
quainted with  the  art  of  constructing  upon  paper,  made,  from  a 
block,  the  form  of  the  vessel  they  intended  to  build,  which  was  cut 
in  several  transverse  sections.  These  sections,  representing  frames, 
were  then  expanded  fix>m  the  scale  upon  which  the  model  was  made 
to  the  size  of  the  vessel ;  and  frames  were  worked  out  to  which  har- 
pens  were  attached,  and  the  intermediate  spaces  filled  in  hy  making 
moulds  to  these  harpens.  In  making  one  of  these  block  moiieh,  the 
block  was  found  to  be  too  small  to  give  the  required  depth ;  a  piece 
ivas  therefore  added,  and  when  finished  it  was  discovered  that  the 
longitudinal  form  of  the  vessel  was  shown  by  the  line  uniting  the 
two  pieces  together.  The  question  at  once  arose,  if  one  seam  was  an 
advantage,  would  not  two  be  a  still  greater.  Hence,  as  early  as  1790, 
water-line  models  were  made  for  building  purposes. 
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There  ia  still  preserved  in  the  rooms  of  the  East  India  Marine  So- 
ciety, at  Salem,  Mass.,  the  model  of  a  "ketch"  called  the  EHza,  190 
tons  burden,  which  was  launched  in  June,  1794.  This  model  was 
made  in  three  pieces  on  the  scale  of  one-quarter  of  an  inch  to  the 
foot— eightj-fpur  feet  keel,  twenty-four  feet  beam  and  nine  feet 
hold.  The  model  has  been  preserved  on  account  of  the  remarkable 
sailing  qualities  the  vessel  possessed.  The  Eliza  and  the  celebrated 
frigate  Essex  were  both  buQt  at  Salem  by  the  same  constructor. 

The  Ohio  74,  was  built  from  a  model  under  the  supervision  of  Mr, 
Henry  Eckford,  at  the  Brooklyn  Yard  in  1820,  and  since  that  time 
the  model  has  been  considered  in  this  country  an  indispensable  feature 
in  the  designing  of  a  ship. 

In  giving  the  method  of  constructing  mo'dels,  it  will  be  here 
assumed  that  the  eye  is  the  only  guide  in  giving  the  form,  having 
decided  upon  the  particular  kind  of  vessel  wanted.*  The  dimensions 
of  the  ship  and  the  altitude  of  the  load-line  of  flotation  above  the 
base-line  being  known,  the  portion  between  these  lines  may  be  divided 
into  equal  or  unequal  parts  as  occasion  may  require.  If  the  ordi- 
nary mode  is  adopted,  of  making  the  alternate  sections  of  eedar  and 
pine,  the  lowest  piece  should  be  of  cedar,  because  it  presents  to  the 
action  of  the  file  the  lai^est  surface,  and  is  more  easily  made  Mr 
than  pine.  If  the  ship  is  to  have  but  little  'dead  rUe,  the  lowest  piece 
should  be  the  thinnest,  on  account  of  having  a  line  at  the  lower  part 
of  the  bilge  which  facilitates  the  laying  off  on  the  floor  of  the  mould- 
loft.  In  determining  tlie  altitudes  of  the  load-line  of  flotation,  it 
does  not  arbitrarily  follow  that  the  model  shall  have  no  parallel 
pieces  above  this  line,  the  effect  of  which  is  to  reduce  the  thickness 
of  the  first  sheer-piece.  The  proportions  of  depth  of  ships  are  calcu- 
lated from  the  base-line  or  top  of  the  keel  to  the  lower  side  of  the 
plani  sheer,  or,  as  it  is  sometimes  called,  covering  board;  and,  as  a 
consequence,  one  sheer  line  should  be  shown  on  the  model  at  this 
height,  measured  on  the  greatest  transverse  section.  The  whole  num- 
ber of  pieces  may  be  confined  with  dowels  running  perpendicularly  to 
the  surfece,  or  they  may  be  screwed  together  in  layers.  As  the 
model  represents  but  half  the  ship,  as  a  consequence,  one  side  must 
present  a  plane  which  must  be  perfectly  fair;  and  upon  this  plane 

»  Manj  builders  make  a  rougli  drawing  firfit  and  conBtruot  a  model  from  it;  this  is 
much  better  than  forming  the  model  by  tbe  eje. 
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the  sheer  plan  is  projected  in  lead-pencil.  This  plan,  which  is  the 
first  laid  off,  whether  on  the  model  or  on  the  floor,  is  bounded  by  the 
base-line,  the  rabbet  on  the  stein  and  that  of  the  stem-post,  aud  the 
upper  sheer,  which  is  regarded  as  the  lower  side  of  the  rail ;  hence  it 
follows  that  the  sheer  plan  determines  the  length  of  the  ship,  and  the 
heights  at  the  several  sheers  and  water-lines,  or  parallels  to  the  line 
of  flotation.  The  materials  for  the  model  having  been  arranged  and 
secured,  either  with  screws  or  dowels,  and  the  plane,  representing  the 
middle  line,  made  perfectly  feir,  we  may  dreas  the  opposite  side 
parallel  to  the  first,  setting  off,  at  certain  intervals,  the  half-breadths 
of  the  intended  ship.  With  regard  to  the  shape  of  the  greatest 
transverse  section,  from  4  to  6  degrees  of  rise  for  steamers,  and  as 
much  as  8  degrees  for  sailing  vessels,  gives  an  easy  bilge,  and,  while 
it  ensures  stability,  prevents  rolling.  With  regard  to  location,  it 
would  seem  most  important  that  the  bow  should  be  adapted  to  divide 
the  water  with  the  least  possible  resistance ;  though  experience  has 
proved  that  it  is  quite  as  essential  to  facilitate  the  escape  of  the  dis- 
placed wat«t  along  the  side  of  the  vessel ;  for  when  once  a  passage  is 
opened  for  the  ship,  the  fluid  tends  to  reunite  abaft  the  point  of 
greatest  breadth,  where,  instead  of  ofiering  resistance,  it  presses  the 
ship  forward,  in  its  endeavor  to  recover  its  level  and  fill  the  vacuum 
constantly  opening  behind  her.  After  settling  upon  the  greatest 
ti"ansverse  section  as  judgment  may  dictate,  the  model  is  worlied  off 
until  it  suits  the  eye  and  taste  of  the  architect. 

Many  uscfiil  discoveries  may  be  made  by  models ;  and  from  ex- 
periments with  them,  carefully  eonduded,  results  may  he  obtained 
with  as  much  certainty  as  by  ordinary  calculations ;  at  all  events, 
they  may  serve  as  a  check  upon  them. 
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Having  now  given  some  genera!  idea  of  the  mode  of  mating  a 
sliip-drawing  and  constructing  models,  the  student  of  naval  archi- 
tecture may  proceed  to  the  construction  of  a  small  vessel  (say  a 
yacht)  on  the  simplest  or  teniative  method,  in  which  the  amateur  con- 
structor takes  as  his  guide  an  existing  vessel  or  vessels  of  known  good 
qualities,  most  nearly  resembling  that  which  he  proposes  to  construct, 
and  proceeds  to  adopt  that  which  is  good  in  the  vessel  hehas  chosen 
as  his  model,  and  to  improve  upon  that  which  Is  bad.  The  following 
points  require  very  careful  consideration :  1st.  Displacement.  2d. 
Length.  3d,  Breadth.  4th.  Depth  at  side  and  draft.  5th.  Drag. 
6th.  Eake.of  stem  and  stern-post.  7th.  Height  of  deck  above  the 
load  water-line,  amount  of  sheer  and  height  of  the  bulwarks.  8th. 
Position  of  the  midship  or  K  section,  9th,  Form  and  area  of  the 
midship  section.  10th,  Load  water-line.  Its  ratio  to  displacement, 
midship  section  and  circumscribing  parallelogram.  11th.  Centre  of 
buoyancy,  or  centre  of  gravity  of  displacement.  12th.  Inclined 
water-line.  13th.  Stajjility.  14th.  Size  of  rudder.  15th.  Area 
and  centre  of  effort  of  sails,  and  position  of  the  latter  in  regard  to 
the  centre  of  lateral  resistance.  16th.  Angle  of  sail.  17th.  Size  of 
masts  and  spars,  rake  of  masta,  etc.    ■ 

There  are  several  methods  of  construction  in  common  use  at  the 
present  day.  Probably,  the  most  scientific  system  of  all  is  Scott 
Russell's  "w(Mw  system,"  of  which  an  account  has  already  been  given. 
There  is  also  the  ordinary  system  in  vogue  in  this  country,  the  "  parar 
bolic  system ;"  and  finally,  somewhat  similar  to  this,  a  method  of 
construction  by  means  of  a  curve  of  vertical  sections. 

The  common  method  of  designing  a  vessel  is  that  which  discards 
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all  mechanical  rules  for  forming  the  various  Hues,  and  relies  entirely 
on  a  consideration  of  those  forms  which  experience  has  taught  are 
best  adapted  to  the  particular  object  in  view. 

To  enable  a  constructor  to  design  a  vessel  by  this  method,  it  is 
essentially  necessary  that  he  be  provided  with  drawings,  models  and 
calculations  of  vessels  of  similar  size  already  built ;  from  these  he 
can  adapt  and  modify  such  parts  as  he  considers  are  applicable  to 
his  purpose.  When  the  rough  drawing  is  made,  the  displacement, 
areafi  of  midship  section  and  load  water-line,  and  the  position  of  the 
centre  of  gravity  of  displacement,"  must  be  calculated ;  should  the 
results  differ  materially  from  those  of  the  precedents,  the  constructor 
must  consider  the  probable  effect  of  such  difference  upon  his  intended 
vessel,  and  then  make  such  alterations  in  the  design  as  he  imagines 
necessary,  repeating  the  calculations  and  making  further  alterations 
if  requisite,  until  the  result  accords  with  his  intention ;  and  unless 
anything  vm/  novel  or  estraordinary  is  attempted,  this  method  will 
succeed  pretty  well,  though  of  course  much  will  depend  upon  the 
proficiency  of  the  constructor  and  the  extent  and  quality  of  his  pre- 
cedents.'  Without  these  the  system  is  obviously  insufficient. 

The  parabolic  system  of  naval  construction  was  discovered  by  the 
celebrated  Swedish  admiral,  Chapman,  and  its  applicability,  com- 
pleteness and  mrvpUeUy  render 'it  well  adapted  for  every  description 

By  it  the  naval  architect  can  determine  every  particular  of  his 
vessel ;  he  can  be  certain  that  she  will  have  the  required  displace- 
ment, possess  the  proper  ajoiount  of  stability  and  trim  as  ho  intends : 
he  has  nothing  to  do  but,  after  making  a  few  preliminary  calculations, 
to  proceed  to  trace  the  vertical  sections  of  the  body  plan.  Mor  do 
the  advantages  of  the  system  stop  here,  as  every  variety  of  form,  both 
of  water-line  and  vertical  section,  is  equally  applicable ;  in  fact,  the 
architect  has  great  latitude  in.  the  shape  of  his  vessel,  so  long  as  he 
does  not  depart  from  the  areas  and  centres  of  gravity  settled  upon  at 
the  outset.     The  outline  of  this  method  of  construction  is  simply  this. 

Chapman  endeavored  to  discover  how  far  the  areas  of  consecutive 
sections  of  the  bestrknown  vessels  followed  any  regular  law.  He 
therefore  divided  the  area  of  each  section  by  a  constant  quantity,  the 

"  There  is  Blao  a  parabolic  system  knowu  aa  "  Nystrom'a,"  whioh  is  somewhat  simi- 
lar io  ChBi) man's. 
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breadth  of  the  midship  section,  and  set  off  distances  proportional  to 
these  quotients  on  perpendiculars  to  a  base  line,  the  perpendicuJara 
being  placed  at  intervals  equal  to  the  distance  between  the  sections, 
and  he  found  that  the  curve  which  passed  through  the  ends  of  these 
perpendiculars  might  be  conveniently  represented  as  a  parabolic 
curve,  both  in  the  fore  and  after  bodies,  the  vertex  of  the  curve  being 
at  the  middle  of  the  base  line,  and  the  line  representing  the  midship 
seolion  forming  the  axis. 

In  ships  the  exponent  of  this  curve  is  generally  found  to  vary  from 
1.8  to  2.8,  according  to  the  fineness  of  the  ship's  ends  in  proportion 
to  the  midship  or  js;  section,  and  is  generally  found  to  be  greater  in 
large  ships  than  in  small  ones.  By  the  parabolic  system  it  is  easy  to 
make  up  a  drawing  for  a  ship  exactly  to  a  predetermined  displace- 
ment, and  in  such  a  manner  that  the  eenire  of  gravity  of  displacement 
shall  come  exactly  in  the  place,  according  to  the  ship's  length,  that  is 
deemed  most  favorable  for  good  steering,  mauTOuvring  and  stowage, 
which  is  of  great  consequence. 

Although  the  exponent  of  the  curve  of  sections  vanes  considerably 
in  different  ships,  it  may  for  all  sailing  merchantmen  be  tiken  to  he 
2.5 ;  and  only  when  a  ship  is  to  be  very  large  cau  a  greater  expo- 
nent— as,  for  instance,  2.6 — be  recommended.  li  the  principal  point 
is  to  obtain  more  than  ordinary  good  sailing  qualities,  the  exponent 
of  the  line  of  sections  ought  to  be  taken  less  than  2  5,  sav  Irom  2  to 
2.3.  For  men-of-war  and  merchant  steamers  it  may  be  laid  down  as 
a  general  rule  that  the  exponent  of  the  line  of  sections  n  to  be  from 
2  to  2.3,  so  that,  for  a  displacement  of  5000  cubic  feet  or  less,  the 
exponent  may  be  2  or  2.1 ;  for  a  displacement  of  from  5000  to  10,000 
cubic  feet,  2.1  to  2.2;  and  for  a  displacement  greater  than  10,000 
cubic  feet,  the  exponent  of  the  line  of  sections  may  be  2.2  or  2.3. 
For  yachts  and  racing  vessels  the  exponent  may  be  as  little  as  1.3, 
but  this  is  rather  unusual.  The  exponent  of  the  line  of  sections  in 
the  yaclit  "  America,"  one  of  the  most  beautiful  models  ever  con- 
structed, is  1.339. 

In  order,  then,  to  construct  a  yacht  by  the  parabolic  system,  the 
amateur  naval  architect  must  begin  by  assuming  Chapman's  funda- 
mental equations — 
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»=-!'—  (1) 

A-(n  +  2)Xo  (2) 

f=j)X  (3) 

Where  D  is  the  load  displacement  in  cubic  feet, 

i  is  the  length  of  the  load  water-Iiue  in  feet, 

a  is  the  distance  of  the  centre  of  gravity  of  displacement 

from  the  middle  of  the  water-line  in  feet, 
t  is  the  distance  of  the  midship  section  from  the  middle  of 

the  water-line  in  feet. 
n  being  what  is  termed  the  exponent  of  the  parabolic  curve. 
^  the  parameter. 
The  two  last  quantities  being  used  to  assist  the  calculations  ;  w  is 
determined  from  equation  (1),  aadp  from  the  formula — 

^  M 

which  is,  in  fact,  a  particular  form  of  3,  and  where,  when  the 
centre  of  gravity  of  displacement  is  abaft  the  middle  of  the  water- 
line,  the  plus  sign  is  used  for  the  fore  body,  the  minus  sign  for  the 
after  body,  and  nice  wersd  when  the  centre  of  gravity  of  displacement 
is  before  the  middle. 

X  and  j;  being  co-ordinates  of  the  curves ;  or,  in  other  words,  y  is 
the  distance  of  any  one  section  from  the  midship  section,  and  x  the 
difference  between  a  line  representing  the  area  of  the  midship  section 
and  a  line  representing  the  area  of  any  other  section. 

From  this  last  definition  it  follows  that 
Area  of  section  ;=  M  —  x 

and  from  3  a;  =  ^T  (5) 

The  designer  has  now  the  means  of  ascertaining  the  areas  of  the 
successive  sections  by  calculating  n  and  y,  and  then  substituting  the 
successive  values  of  y  in  the  equation  (5). 

In  practice  the  calculations  are  confined  to  one-half  the  vessel 
only,  and  therefore,  instead  of  x  and  M,  one-half  of  these  values  ia 
taken  ;  and  with  some  degree  of  inaccuracy  in  the  tables 
constructed,  these  halves  are  treated  as  whole  areas. 
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For  the  sake  of  illustration,  suppose  the  amateur  about  to  design 
a  schooner  yacht,  where  the 

Load  displacement  ^  J)  =  5040 

Length  of  load  water-line    =  I   =s     80 
Area  of  midship  section        :^  M  =    110 

Distance  of  the    centre   of  gravity   of 
middle  =  a  —  1.6  feet  abaft. 

First,  find  n  which  = 


lU  —  D 


Or  = '''"  =1.34 

80  X  110  —  5040 

Next,  A  =  (jt  4-  2)  X  o  (2) 

Or  =  (1.34  +  2)  1.6  =  5.34  abaft. 

Then  for  the  fore  body, 

log.  2p^  log.  2  ^-^'  =  log-  ^ ri '  =  478165  =  log.  3. 

For  the  after  body, 


/^ 


■k]  R~5M\ 


log.  2  i)  =  log.  2  ^-^'  =  log-  ^— TT — --^  =  3245167  =  log.  2,11. 

As  this  quantity  ia  used  in  multiplication  simply,  the  logarithm  of 
it  only  need  be  found;  then,  by  substituting  the  successive  values  of 
y  in  the  equation 


and  calculating  the  successive  values  of  x  by  logarithms,  the  follow- 
ing table  is  constructed : 
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TABLE  XXVII. 


y 

x' 

Half  are 

of  midship  section 

or  distance  from  the  mid- 

2 

--  = 

or  alwcisita. 

rea  of  section. 

feet 

sq  ftet. 

7.5 

4.95 

50.05 

15.U 

12.5 

42.5    , 

21.5 

33,5 

3U.0 

31.7 

23.3 

37.5 

42.8 

12.3 

For  the  after  hody 


Halfarea  of  midship  section 

or  abscLfsa. 

half  area  of  section. 

feet.  . 

85  feet 

7.5 

15.0 

17.9 

37.1 

22.5 

S0.7 

24.3 

30.0 

.    45.2 

9.8 

A  little  careful  study  of  the  foregoing  will  enable  any  one  with  a 
slight  knowledge  of  logarithms  to  comprehend  the  working  of  the 
system.  No  more  calculations  are  reijuircd,  as  the  position  of  the 
centre  of,  buoyancy,  the  displacement  and  the  area  of  the  midship 
section  are  all,  by  Chapman's  method,  predetermined  quantities,  and 
form  the  basis  of  the  design;  therefore  to  calculate  them  after  the 
design  is  completed  would  be  merely  a  useless  repetition.* 

Before  proceeding  with  the  construction  drawing  of  the  schooner 
yacht  taken  as  an  example,  it  will  be  well  to  give  the  principal  pro- 

•  Dr.  Wooley,  Vice-President  of  tliB  Inatitution  of  Natal  Arohiteotnre  in  England, 
oails  Chapman's  Bjstem  a  "  quasi  idfniific"  one,  on  the  groand  that  it  tends  to  Bteteo- 
tjpe  particalar  models  and  thus  cheek  improvement.  This,  however,  is  the  only 
objection  alleged  agMnat  it.  It  undoubtedly  does  away  with  the  necessity  of  the 
laborious  and  Bcientlfie  calculations  required  by  Scntt  Ruasell's  "  wave  system." 
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portions  which  experience  has  shown  to  be  useful  and  applicable  to 
such  vessels : 

The  breadth  generally  =  the  length  X  .26  for  fast  schooners. 

The  depth  generally  =  the  breadth  X  .3952. 

The  area  of  midship  section  »=  breadth  X  depth  X  -6. 

The  area  of  load  water-line  ^  breadth  X  length  >^.7021. 

Load  displacement  in  cubic  feet  ^=  length  X  breadth  X  depth  X 
.3623. 

The  midship  section  from  the  fore  end  of  the  water-line  =  length  X 
.517. 

The  centre  of  gravity  of  displacement  from  the  fore  end  of  the 

ater-line  :^  length  X-  55  for  schooners. 

Or  generally  —  length  X  .02  abaft  the  middle. 

In  making  the  construction  drawing,  the  same  order  is  to  be 
observed  as  in  copying,  but  the  draughtsman  is  left  to  his  own 
resources  as  to  the  dimensions  and  forms  of  the  diiFerent  parts.  His 
first  care  should  he  to  understand  distinctly  miA  exactly  the  sort  of 
vessel  required.  Let  it  be  assumed,  then,  that  this  schooner  yacht  is 
to  be  144  tons,  or  5040  cubic  feet  the  displacement  required — the 
draft  of  water  not  to  exceed  eleven  feet,  and  that  she  is  to  have  as 
much  speed  as  is  consistent  with  a  certain  degree  of  accommodation. 
In  Fincham  or  Marrett  the  student  will  find  tables  giving  the  dimen- 
sions of  some  vessel  of  suitable  character  and  similar  displaemnent, 
and  is  thus  enabled  to  fix  the  length  of  the  water-line  at  80  feet,  then 
tlie  breadth  =  .26  ^  =  20.8  feet. 

But  in  this  case,  as  the  breadth  is  ratlier  limited  and  accommoda- 
tion is  ^desideratum,  it  may  probably  be  better  to  give  a  small 
additional  breadth  to  ensure  sufficient  stability,  displacement  and 
accommodation.  Suppose,  therefore,  the  breadth  is  determined  at 
.27 1  ^  21.5  feet,  then  the  depth  ^  .3952  6  =  8.5  feet. 

■  If  to  this  is  added  one  foot  for  the  depth  of  the  keel  below  its 
rabbet,  the  mean  draft  of  water  is  made  9.5  feet,  and  with  the  maxi- 
mum draft  of  eleven  feet  aft,  this  gives  eight  feet  for  the  draft  of 
water  forward.  This,  however,  is  rather  more  "drag"  than  may  be 
advisable,  and  therefore  the  draft  forward  may  be  increased  to  nine 
feet  with  advantage. 

The  load  displacement  =  length  X  breadth  X  depth  X  .3623  = 
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5.296  cubic  feet  =  IRl  ton'*,   an  excess  of  seven  tons  above  that 
required,  i 

'''""'  '"  ''"'"'  .3447 


displacement  5040 

h  X  breadth  X  dq'tli     ^     14620 


or  the  proportion  the  displacement  (5040  cubic  feet)  bears  to  the 
circumscriljii^  parallelopipedon. 

The  constructor  will  judge  by  comparison  whether  this  proportion 
is  adapted  to  the  required  purpose;  if  not,  some  alteration  in  the 
dimensions  must  be  made. 

The  area  of  the  midship  section  =  breadth  X  depth  x  -6  =  110 
square  feet. 

The  exponent  of  the  parabolic  curve, 

D  _       5040 

}  X  110  —  5040 


1.34. 


Which  nearly  corresponds  with  the  value  of  n  in  the  case  of  the 
yacht  "America,"  and  therefore  it  may  be  presumed  that  the  pro- 
posed vessel  will,  by  asaignLng  that  value  to  n,  be  of  proportionate 
fullness  in  relation  to  the  dimensions. 

The  distance  of  the  centre  of  gravity  of  displacement  abafl  the 
middle  of  the  load  water-line  will  be  length  X  .02  ?  ^=  1.6  feet  =  a, 
and  the  midship  section  will  be  from  (2)  1.6  (1.34  +  2)  ^  5.34  feet 
abafi.  the  middle. 

The  calculations  for  the  areas  of  the  sections  of  this  vessel  have 
already  been  given  (page  210),  and  therefore  no  repetition  is  here 
necessary. 

Having  arranged  these  preliminaries,  the  drawing  may  be  com- 
menced; the  sheer,  rake  of  the  stern  and  form  of  the  conifer  can  be 
taken  from  tables  or  from  other  drawings,  and  altered  to  suit  the  con- 
structor's judgment.  The  midship  section  in  the  sheer  plan  must  he 
drawn  at  its  proper  distance  from  the  fore  end  of  the  load  water-line, 
and  the  other  sections  at  the  determined  distances  from  the  midship 
section ;  in  the  present  case  they  are  placed  at  intervals  of  seven  feet 
six  inches.  In  designing  the  midship  section,  which  is  done  in  the 
body  plan,  care  must  be  taken  that  the  half  area  should  equal  55  square 
feet  exactly  ;  the  section  being  sketched  in  by  the  eye.  Its  area  may, 
in  this  preliminary  part  of  the  work,  be  found  by  the  "short  rule," 
page  221,  thus : 
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CONSTEUCTrON".  ild 

OrdiDstee. 

Load  water  Ime,     10.75    (half) 
Second  water  ]  me,  10.1 
Third  water  lice        7.0 
Fourth  witer  Ime     2.4 
Keel,  .3      (half) 

25.025 
2.2     =  distance  between  water-lines. 

55.055 

It  is  hardly  to  be  expected  that,  at  the  first  trial,  the  midship  sec- 
tion will  be  drawn  of  the  correct  area,  but  after  one  or  two  altera- 
tions it  will  generally  be  obtained.  When  this  is  done,  the  load 
water-line  from  the  midship  section  to  the  fore  end  must  bo  drawn  in 
the  half-breadth  plan.  Having  determined  from  Fincham  or  Mar- 
rett's  tables  of  construction,  or  from  other  sources,  the  angle  which  it 
should  make  with  the  middle  line  forward,  a  line  can  be  drawn  for 
some  distance  from  the  ending  at  that  angle;  then,  with  a  small 
penning  batten,  the  breadth  at  the  midship  section  is  joineJto  this 
line;  this  will  give  a  "straight"  water-line.  When  any  hollow  is 
required  in  the  water-line,  the  batten  may  be  continued  to  the  end- 
ing, describing  the  hollow  required,  or  the  load  water-line  may  be 
formed  according  to  the  "  mivt"  system,  if  the  constructor  prefers 
that  system. 

The  half-breadth  lines  fif  the  deck  and  rouijhtree  rail  may  next  bo 
drawn  of  such  shape  as  the  constructor  thinks  best.  A  section  inter- 
mediate with  the  midship  section  and  foremost  extremity  drawn  jn 
the  body  plan  (the  half-breadth  at  the  load  water-line  being  taken 
from  the  half-breadth  plan),  and  altered,  if  necessary,  until  its  half 
area,  corresponds  with  the  area  already  determined  for  such  section, 
will  be  a  guide  for  drawing  the  other* water-lines  of  the  jore  body  in 
the  half-breadth  plan.  When  the  remaining  sections  are  drawn,  if 
their  areas  do  not  agree  witb  the  calculated  areas,  alterations  must  be 

The  afler-body  is  proceeded  with  in  a  similar  manner,  and  when  the 
whole  of  the  sections  are  completed,  the  designer  may,  perhaps,  re- 
quire some  alterations  to  be  made. 

When  such  alterations  from  the  original  plan  involve  any  con- 
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siderable  change  of  form  or  alteration  of  the  several  sectional  areas, 
it  may  be  advisable  to  calculate  the  displacement  and  the  position  of 
the  centre  of  gravity  of  displacement,  etc.,  in  order  to  prevent  too 
great  a  deviation  from  the  original  intention;  but  when  no  alteration, 
or  at  least  only  a  slight  one,  is  made,  this  is  not  necessary.  Figs.  26, 
27  and  28  show  a  design  for  a  schooner  yacht  in  conformity  with  the 
foregoing  dimensions  and  calculations,  and  without  any  material 
alterations  from  the  established  areas,  in  order  to  show  how  well 
adapted  for  construction  the  parabolic  system  is. 

To  complete  the  vessel,  the  masts  and  sails  have  to  be  arranged. 
The  area  of  the  vertical  longitudinal  section  =rZxA^;80  X  10=^ 
800,  and  the  area  of  load  water-line  =  ^  X  *  X  .7  ==  1204,  these 
sums  multiplied  togetlier  =  963200,  which  is  the  co-efficient  for  the 
dimensions  of  the  spars.  (Table  XXVIII.) 

The  centre  of  efibrt  should  be  placed  at  .006  of  the  length  of  load 
water-line  =  .48  feet  abaft  the  centre  of  gravity  of  vertical  longitu- 
dinal section,  and  at  the  height  of  the  centre  of  effort,  the  main-mast 
will  be  one-tenth  of  the  length  of  the  water  line  ^^  8  feet  abaft  the 
centre  of  the  vertical  longitudinal  section.  The  foremast  will  be 
.344  of  the  length  of  the  water-line  =:  27.5  feet  before  the  mainmast. 

With  these  positions,  a  sail  drawing  as  in  fig.  29  must  be  made  to 
the  dimensions  given  in  Table  XXVIII.,  and  the  area  of  sail  and 
position  of  centre  of  effort  both  as  to  height  and  length  calculated. 
If  the  results  do  not  agree  with  the  established  position  for  the  centre 
of  effort,  some  change  must  be  made,  either  by  readjusting  the  pro- 
portion of  fore-and-after  sail,  or  by  moring  the  masls  and  preserving 
the  same  measurement  of  spars,  as  it  is  imperatively  necessary  that  a 
proper  and  correct  balance  of  sail  shonld  exist ;  otherwise,  the  care 
of  the  constructor  in  designing  the  hull  has  been  completely  tlirown 
away. 

If  the  vessel  is  constructed  on  the  "wane"  theory,  the  mode  of 
balancing  the  sail  has  already  been  shown. 
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TABLE  XXVIIL. 
Proportions  and  Dimenmna  of  Spars  far  Fast  Schooners. 
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CHAPTER    XXVIl. 

CURVE   OF   SECTIOtJAL   AREAS   APPLIED   TO   NAVAL   CONSTRUCTION. 

Is  order  to  determine  the  displacement,  say  of  a  man-of-war,  by 
this  method,  the  naval  architect  must,  as  "previously  shown,  toke  into 
consideration  the  armament  and  its  weight,  the  number  of  men  neces- 
sary to  work  and  fight  the  ship,  the  weight  of  boilers,  engines  and 
fuel,  the  weight  of  provisions  and  stores  of  ail  kinds  for  the  particu- 
lar service  on  which  it  is  intended  to  employ  the  ship,  and  the  weight 
of  the  hull  and  fastenings  when  completed. 

The  displacement  fixed  by  these  weights  having  been  obtained,  the 
relative  lengths  and  displacements  of  the  fore  body  and  after  body 
must  next  be  determined,  then  the  area  of  the  midship  or  SI  section 
may  be  found  by  the  following  equation,  the  decimal  part  of  it  being 
varied  to  suit  the  views  of  the  designer,  or  the  peculiar  service  re- 
quired of  the  vessel;  as  under  a  given  displacement  the  "area  of  the 
immersed  midship  or  K  section"  will  regulate  tlie  fullness  of  the  bow 
and  quarters  of  the  vessel. 

The  length  on  the  load  water-line  from  the  fore  part  of  the  rabbet 
of  the  stem  to  the  ail:er  part  of  the  rabbet  of  the  post,  multiplied  by 
the  area  of  midship  section,  multiplied  by  the  decimal  fraction  (deter- 
mined ijpon)  will  equal  the  displacement. 

As  an  example,  the  fraction  0,7  has  been  found  to  give  the  area  of 

midship  section  well  adapted  to  heavy  frigates.    So  the  equation  will 

stand  thus : 

.  n     .  1  ,  -         «.       ,-  Displacement  in  cubic  feet 

Area  oi  midship  or  M  secmon  = '^- — — — — ■ — —    ■-■ . 

Length  of  load  water-hue  X  0.7 

This  area  having  been  determined,  for  convenience  in  delineating  a 
curve  of  vertical  sectional  areas  on  paper,  take  a  sub-multiple  of 
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that  area  by  dividiDg  the  half  area  of  the  midship  section  by  a  quan- 
tity tliat  will  give  a  quotient  less  than  the  half-breadth  of  the  in- 
tended ship,  and  call  this  the  "middle  ordinate  of  the  curve  of  sec- 
tional areas."  (The  draft  of  water  is  usually  the  quantity  used  as 
the  divisor.) 

The  curve,  when  determined,  will  bound  an  area  that  to  the  depth 
assumed  by  the  divisor  will  be  a  solid  equivalent  to  the  half  solid  of 
displacement.     (See  fig.  30.) 

Next,  set  ofi'tho  length  of  the  load  water-lme  fixim  rabbet  of  stem 
to  rabbet  of  post ;  divide  that  length  into  two  equal  parts,  and  at  the 
middle  point  of  the  load  water-line  erect  a  perpendicular,  making  it 
equal  in  linear  measurement  (from  a  scale  of  parts)  to  the  "middle 
ordinate  of  the  curve  of  sections  ;"  complete  the  triangles  by  joining 
the  extremes  of  the  load  water-line  and  the  end  of  this  ordinate,  and 
find  the  areas  of  these  triangles,  which  are  similar  and  equal  by  con- 
struction. The  respective  difierences  between  the  intended  displace- 
ments in  cubic  feet  of  the  fore  and  after  bodies,  and  tlie  areas  of 
these  triangles  will  give  the  required  areas  to  be  developed  under  the 
curves  on  the  hypothenuse  of  each  triangle.  When  these  curves  are 
delineated,  so  that  the  area  included  between  the  whole  curve  and 
the  load  water-line  makes  up  a  sub-multiple  of  the  half  displacement, 
then  ordinatcs  measured  perpendicularly  from  any  point  of  the  load 
water-line  to  the  curve  will  be  sub-multiples  of  the  area  of  the  trans- 
verse section  of  the  immersed  body  at  that  point.  It  will  be  seen 
that  in  this  case  the  quantities  given  are — 

1st.  Whole  displacement; 

2d.  Relative  displacements  of  the  fore  and  after  bodies  and  per- 
centage on  the  whole  displacement; 

3d.  Length  on  load  water-line  and  length  of  entrance ; 

4th.  Breadth; 

5th.  Draft  of  water; 

6th.  Decimal  or  co-efficient  of  fineness  ; 
in  order  to  find  the  areas  of  the  different  cross  sections,  and  conse- 
quently tlie  shape  of  the  water-lines. 
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CONSTELXTION    BY    CuEVE  OF  SeCTIOSAL  AeEAS  AfPI.IED    TO    A 

Particular  Example. 
Sailing  ship  of  2300  tons  moulded  displacement. 
Given — 
Displacement  =  D  =  2300  tons  ^  80,500  cubic  feet  of  35  to  the 

ton,  and  half  displacement  =  40,250, 
Length  on  the  load  water-line  assumed  ;^  172  feet. 
Breadth  "  "  "  ■     ^    46    " 

Then  the  area  of  midship  section 

Displacement ^_    80,500    _^  „„„  „ 

~  Length  of  load  water-line  X  .7  ~  172  X  -7 
Assuming  the  relative  capacities  of  the  fore  and  after  bodies  as  4 
per  cent,  on  the  whole  moulded  displacement,  will  give,  on  the  2300 
tons,  92  tons. 

The  half  displaeement=  1,150  tons 
The  half  difference  of  the 

capacities =       46    " 

Sura 1,196  ^=  capacity  of  fore  body. 

Difference 1,104  —  capacity  of  after  body. 

Whence 598:=  J  fore  hody^DFCB.     \ 

552=  J  after  body  =  DHAB.   P^S-^'i- 
Or  20,930  cubic  feet  for  i  fore  body,  each  ton  being  considered 
equivalent  to  35  cubic  feet. 
19,320  cubic  feet  for  i  after  body. 

Half  area  of  midship  section =  334  feet, 

Half-hreadth =    23    " 

Dividing  the  half  area  of  midship  section  by  30,  gives  11.1  feet  for 
the  "middle  ordinate  of  the  curve  of  sections,"  and  30  becomes  the 
multiple  for  the  representative  areas  of  the  solid. 

The  length  of  the  load  water-line  divided  by  2  =  86  ft.  =  AB  or  BC. 
The  representative  area 

AEB  „  CBD  =  1^^  =  '-^^  0,  477.3  feet 

which,  multiplied  by  30,  gives  14,319  feet  for  the  dii^jil  a  cement  of 
the  triangular  portion  of  the  solid  in  fig.  30. 
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Now  the  displacement  of  half  fore  body....  =  20.930  cubic  feet. 

And  the  area  of  triangle  DEC =  14.319     " 

Hence  the  difference  equals  the  rcpresenta- 

tive  area  bounded  by  the  curve  DECF...  =    6,611     "        " 

The  length  of  the  hypotbenuse  DC  by  calculation,  =  87.8  feet. 
To  find  EF,  substitute  these  values  in  the  equation — 


-  EF  X  87.8  X  30  ^ 


4  EF  X  87.8  X  10'=  40,250  +  1,610 
EF  X  3,512  =  12,889 
Hence.  EF  ^  3.76  feet 


2  (area  of  triangle  ABD),  or 
28.638,  and 


To  find  the  value  of  GH,  vi 
AD  =  |^  =  S3.76x87.8X< 
or       2  X    3.76X87.8X10- 


e  have  S  of  EF  X  DC  —  i  GH  X 
0  —  S  GH  X  87.8  X  30  =  1,610 
2  GH  X  87.8  X  10  =  1,610 ;  hence 

6602.56  —  1,610  -=  1,756  X  GH,  or  GH  =  =  2.84  feet. 

1756 

Or  GH  =  2.84  feet  nearly.  Also,  DE  ^  f  of  DC  =  3  of  87.8  = 
58.7  feet  for  the  position  of  the  abscissa,  FE,  from  D  on  the  line  DC. 
An  examination  into  this  simple  method  of  construction  will  show 
its  utUity  and  capability ;  and  though  the  method  cannot  he  demon- 
strated to  be  strictly  true  in  the  mathematical  sense  of  the  term,  yet 
it  is  sufficiently  so  for  ali  practical  purposes;  and  while  it  will  never 
deceive,  will  very  materially  lighten  the  labors  of  the  naval  architect. 
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MAKING   THE   CALCULATIONS. 

Thkee  rules  are  in  common  use  for  measuring  tlie  area  enclosed 
between  a  curve  and  a  straight  line  taken  as  a  base.  The  first  is 
generally  tnown  as  "  Simpson's"  rule  or  "  Chapman's"  rule ;  the 
second  is  called  the  "Three-eighths,"  or  the  "Three-plus-one"  rule, 
and  the  third  is  known  as  the  "  Old"  or  "  Short"  rule. 

Nearly  all  calculations  in  naval  construction  are  made  by  these 
rules. 

I,  "Simpson's,"  or  the  first  rule,  is  as  follows:  Divide  the  hose  line, 
03  AC,  in  jig.  31,  inio  owt/  eveh  number  of  equi-distani  parts,  and 
erect  perpendicular  ordinates  at  each  pinnt  of  division.     The  rale 
may  then  be  expressed  by  the  formula — 
Area  =  (A  +  4P  +  2Q)  X  ^ 

where  A  =  tlie  sum  of  the  linear  measurements  of  the  first  and  last 
ordinatcs,  as  Al,  C7  ; 
4P  —  the  sum  of  the  evew  ordinatcs,  as  22,  44,  G6,  multiplied 

by  4; 
2Q  ^^  the  sum  of  the  remaining  ordinates,  as  33,  5  5,  multi- 
plied by  2 ; 
and  r  is  the  linear  measurement  of  the  common  interval  between  the. 


ordinates.     All  the  above  measurements  to  b 
scale. 


taken  from- the  same 
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The  formula  may  also  be  expressed  aa  follews  : 
Are.  =(^  +  2P  +  <}\|: 


"  Simpson's"  rule  is  based  on  tlie  supposition  that  the  curve  ABC 
a  a  portion  of  a  common,  parabola;  and  therefore  the  nearer  the  ordi- 
lates  are  to  each  other  the  more  correct  will  the  area  be. 

II,  The  second  or  "Three-eighth^'  rale  is  as  follows:  Divide  the 
hose  line,  AC  (_fig-  32),  inio  any  number  oj  equal  intervals  which, 


ehall  be  in  numb^  a  multiple  ( 


the  area  may  be  determined  fri 
formula: 


F  THREE.     At  eaeh  point  of  division, 
before.       Then  ^ 
n  the  following 


Arei 


=  (A  +  2P  +  3Q)  X  : 


where  A  =  the  sum  of  the    linear    measure- 
ments of  the  first  and  last  ordi- 
natea,  as  Al,  CO  ; 
2P  ^:thesumof  thelinearmeasuremenfs 
of   the    fourth,    seventh,    etc. 
(fhree-plus-one)  ordinates  mul- 
tiplied by  2 ; 
3Q  ^=  the  sura  of   the  linear  measure- 
ments of  the  second,  third,  fifth, 
sixth,  eighth,  ninth,  etc.,  ordi- 
nates multiplied  by  3 ; 
and  r  is  the  linear  measurement  of  the  common 
interval  aa  before. 
The  formula  may  also  be  expreaaed  aa  foUowa ; 


^  f +  P  +  1.5Q   X 


Zr 


The  "Three-dghtlis"  rule  supposes  the  ■ 
ABC  to  be  a  portion  of  a  cubic  parabola. 

in.    The  third  or  "ShoH"  rule, 
called  the  "Old"  rule,  is  as  follows:  Divide  the 
hose  line,  AC  (fig.  33),  into  a  large  number  of 
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eqiial  intervals,  erect  ordinates  a»  before;  then  the  area  may  he  found 
by  the  following  formula: 

Area  =/:|  +  QWr 

where  A  ^  the  sum  of  the  linear  measuremeats  of  the  first  and  last 

ordinates,  as  Al,  C5 ; 
and       Q  =  the  sum  of  the  linear  measurements  of  the  rest  of  the 

ordinates,  2  2,  3  3,  4  4 ; 
and  r  is  the  common  interval  as  before. 


Fig.  33. 

Aa  a  general  rule  in  calculating  areas  or  displacement  when  the 
water-lines  or  sections  are  very  round,  or  when  the  vertical  sections 
are  more  than_^ve  feet  apart,  either  "Simpson's"  rule  or  the  "Three- 
eighths"  rule  should  be  employed ;  but  when  the  lines  are  tolerably 
straight,  and  the  ordinates  are  less  than  Jive  feet  apart,  the  "  Short" 
rule  will  give  a  sufficiently  accurate  result,  and  from  its  greater  sim- 
plicity IS  to  be  prefe  Ted ;  or  two  rules  may  be  combined,  as  where 
the  vert  cal  ect  ons  are  much  curved,  but  the  water-lines  rather 
straight 

In  order  to  find  the  displacement  of  a  ship  from  the  foregoing 
rules,  the  vesa  1  apposed  to  be  divided  by  any  number  of  equi- 
distant kor  so  t  I  planes— that  is,  planes  taken  parallel  to  the  load 
water-!  e — and  also  by  s&y  convenient  number  of  equi-distant  vertical 
planes  ntersect  ng  of  course,  the  former  series  of  horizontal  planes 
at  right  angles  These  planes  are  projected  by  the  draughtsman  on 
the  three  pl-ms  of  the  vessel — viz.,  the  body  plan,  the  sheer  plan  and 
the  half  breadth  plan  (See  figs.  26,  27  and  28.)  As  seen  in  the 
half-breadth  plm  (fig  28),  the  vessel  is  divided  into  two  equal  por- 
tions by  a  vertical  jlane  running  from  stem  to  stem;  and  the  perpen- 
dicular distances  measured  on  each  horizontal  plane,  from  their  inter- 
section with  this  plane  to  the  vessel's  side,  are  considered  as  ordinates. 
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Thus  in  the  half-breadth  plan  (fig.  28),  AB  is  tlie  projection  of  the 
vertical  plane  which  divides  the  -v  e-el  mto  two  equil  parts,  and  1 1, 
2  2,  33,  etc.,  are  ordinates  in  the  horizontal  plana  Any  number  of 
these  horiKontal  planes  may  be  taken,  and  foi  the  purposes  of  cal- 
culation they  may  be  numbered  a?  water  lines  1,  2,  3,  4,  5,  etc.,  or 
a,  b,  c,  d,  etc.  (Figs.  27  and  28  )  The  small  portion-  fore  and  aft 
are  usually  calculated  separately,  the  hoiizontal  and  vertical  planes 
being  sometimes  taken  much  nearer  to  each  other  m  con'^equence  of 
the  gi-eater  curvature  of  the  vessel  at  these  parts. 

The  calculation  of  the  displacement  may  then  be  proceeded  witll 
in  two  ways : 

Ist.  By  finding  the  areas  of  all  the  korhontal  sections,  and  employ- 
ing these  as  ordinates  in  Rule  I.  or  II. 

2d.  By  finding  the  areas  of  all  the  vertical  sections,  and  using 
these  as  ordinates  in  the  same  rules. 

These  two  results  ought  to  agree. 

Or  the  rule  may  he  enunciated  as  follows,  ordinates  on  the  half- 
breadth  plan  being  understood : 

Rule  IV.  To  the  sum  of  the  fiest  and  i,Ast  Xorisordal  sectional 
areas  add  four  times  the  sum  of  all  the  even  horizontal  areas,  and 
TWICE  the  sum  of  all  the  odd  horizontal  areas;  multiply  this  final  sum 
by  ONE-THIRD  the  common  distance  between  these  horizontal  planes,  and 
the  result  will  be  one-haif  the  displacement. 

Observe  that  in  the  wording  of  the  above  rule,  vertical  areas  may 
be  employed  in  the  place  of  horizontal  areas,  care  being  taken  to  omit 
the  first  and  last  areas  from  the  odd  ones  in  each  case. 

As  the  positions  of  the  centres  of  gravity,  both  of  the  displace- 
ment and  of  the  vessel  are  of  much  importance  in  the  calculation  of 
stability,  the  method  of  finding  them  wUl  be  given,  premising  that 
when  bodies  arc  homogeneous,  or  of  the  same  density  throughout 
their  parts — that  is.  Laving  equal  weights  comprised  under  eijnal 
volumes — weights  may  be  replaced  by  masses,  and  conversely,  Thu'i, 
if  M  represent  the  mass  of  a  body,  d  the  density  of  a  unit  of  the 
body,  V  the  volume,  and  W  the  weight,  then 

M  ^  <;  X  V  (1) 

W  ==  ir  X  (i  X  V  =  yM  (2) 

g  is  here  the  "accelerating  force  of  gra\'ity,"  is  uniform  and  the 
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same  for  all  substances,  being,  in  the  latitude  of  London,  =  82.18 
feet,  according  to  Eamshaw's  Dynamics. 

To  find  the  centre  of  buoyancy  of  a  ship  floating  in  the  water  and 
in  a  state  of  equilibrium. 

Rule  V.  Find  the  areas  of  all  the  horizontal  sections  (as  shown  in 
the  half-breadth  pkm),  and  widUply  these,  begittning  frovi  tJie  first  or 
plane  of  flotation  (Joad  water-line)  by  the  conseeidive  nwmbersO,  1,  2,  3, 
4,  etc,  respectively ;  introduce  theseprodwda  as  ordinates  into  "  Simpson's 
Rulef  mvltiply  this  result  by  one-third  of  the  square  of  the  common 
Stitattce  betwe&i  the  sections,  divide  by  the  volume,  and  the  quotient  gives 
the  distance  of  the  centre  ofbuoyanq/  below  the  plane  of  flotation.* 

EuLE  VI.  Find  the  areas  of  all  the  vertical  sections,  multiply  these, 
beginning  from  the  flrsl,'\  by  the  consecutive  numbers  0,  1,  2,  3,  4,  etc., 
respectively,  and  work  as  in  the  last  rule ;  the  result  thus  obtained  gives 
the  distance  of  the  centre  of  buoyancy  from  the  first  vertical  plane. 

These  two  distances  fis  the  position  of  the  centre  of  buoyancy  of 
the  main  body.  No  account  is  here  taken  of  the  small  portions  at 
the  stem,  stern  and  that  between  the  keel  and  the  last  horizontal 
section.  These  are  usually  calculated  separately  and  in  the  same 
way  as  the  main  body.  Having  obtained  the  centres  of  gravity  (or 
buoyancy)  of  all  these  portions,  we  readily  obtain  the  centre  of 
gravity  of  the  total  displacement  by  the  rule  which  follows :  observ- 
ing that  if  we  consider  the  first  vertical  plane  to  be  that  nearest  the 
bow,  the  volume  of  the  small  portion  forward  multiplied  by  the  dis- 
tance of  its  centre  of  gravity  from  the  plane  just  mentioned  must  be 
subtracted.  Or  in  other  words,  if  we  consider  all  horizontal  dis- 
tances, measured  in  the  opposUe  direction  (from  the  first  vertical 
plane)  to  the  centre  of  gravity  of  the  main  body  as  negative,  and  all 
distances  measured  in  the  same  direction  as  positive,  we  have  only  to 
add  the  products  algebraically;  and  this  is  to  be  understood  in  the 
following  rule  {one  product  being  always  negative  in  Rule  VIII,), 
.  AH  results  will  be  positive  in  finding  the  distance  of  the  centre  of 
buoyancy  below  the  plane  of  flotation. 

*  Care  must  be  taken  not  to  multiply  by  one-third  of  the  oonimoii  diatanoe,  aa  ia 
mentioned  in  Knle  I. 

t  Either  the  first  vertical  section  of  tile  main  body  nearest  the  bow  or  stern  may  be 
Uiien  aa  the  first  or  initial  plane. 
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To  fiEiJ  the  centre  of  buoyancy  when  the  small  portiuiis?,  "fore 
and  aft,"  are  considered. 

EULB  VII.  Multiply  each  of  tho  volumes  by  the  perpendicular 
distance  of  its  centre  of  gravity  from  the  plane  of  flotation,  and  add 
the  products ;  divide  this  result  by  the  sum  of  all  the  volumes,  and 
the  quotient  is  the  distance  of  the  centre  of  gravity  of  the  total  dis- 
placement below  the  plane  of  flotation.     Also, 

Rule  VIII.  Multiply  each  of  the  volumes  by  the  perpendicular 
distance  of  its  centre  of  gravity  from  the  first  vertical  phine,  and  add 
algebraically  (observing  that  one  result  will  be  negative) ;  divide  this 
result  by  the  sum  of  all  the  volumes,  and  the  quotient  is  the  distance 
of  the  centre  of  gravity  of  the  whole  displacement  (centre  of  buoyancy) 
from  the  first  vertical  plane. 

In  the  foregoing  rules,  half  ar em  and  half  volumes  should  be  under- 
stood ;  as  the  calculations  are  applied  to  only  one-half  the  ship. 

To  find  the  centre  of  gravity  of  an  area  similar  to  fig.  33. 

Rule  IX.  MuUiply  the  ordinate^,  beginning  at  the  first  by  0,  1,  2, 
3,  4,  efc.,  respectively,  and  employ  these  aa  ordtnates  in  Ruk  I.;,  mul- 
tiply the  remit  thm  obtained  by  one-third  oj  Qte  common  interval  s<piared, 
divide  by  the  area  of  the  curve,  and  the  result  gives  the  distance  we  are 
to  measure  qlong  AC;  as  Ag  (fig.  33). • 

Having  obtained  the  distance  Ag,  we  may  obtain  the  length  of 
the  perpendicular,  Gg  (G  being  the  centre  of  gravity  of  the  figure, 
and  g  the  point  where  the  perpendicular  drawn  from  G  intersects 
AC),  by 

Rule  X.  To  the  mm  of  the  squaees  of  the  first  and  last  ordin- 
ates,  add  four  times  the  mm  of  the  squares  of  all  the  even  ordinates, 
twice  Hie  mm  of  the  squares  of  all  the-  odd  ordinates;  multiply  by  one- 
third  the  common  interval,  and  divide  this  result  by  twice  the  area;  the 
quotient  gives  the  perpendicular  height  of  the  centre  of  gravity  above  the 
axis  AC* 
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To  determine  the  height  of  the  meta-centre  ahove  the  centre  of 
gravity  of  displacemeat  (centre  of  huoyancy),  the  following  rule  is 
made  use  of: 

EuLE  XI.  Giihe  the  ordinaka  measured  on  the  kalf-breadth  plan, 
introduce  these  CUBES  as  ordinates  in  Rule  I.,  and  proceed  aa  therein 
dated;  divide  the  remit  (hits  obtained  by  the  volume  of  water  displaced, 
and  Tjvo-THiEDS  of  the  quotient  gives  the  distance  of  the  niela-centre 
from  the  eentre  of  buoyaiwy. 

To  find  the  volume  of  the  "  shoulders :" 

Rule  XII.  Measure  the  ordinates  of  the  immersed  water-lines,  then 

to  thewfli  of  the  sgwtM-es  of  the_?ir«t  and  /osi  ordinates  add  /owr  times 

the  swift  of  the  squares  of  all  the  even  ordinates,  and  twice  the  mm  of 

the  squares  of  all  the  odd  ordinates ;  multiply  this  result  by  the  common 

,  ,      ,      ■      ,  S.1416  <p 

distance  between  tho  ordmates  and  by  the  circular  measure  — ■    _■■  - 

corresponding  to  the  angle  through  which  the  vessel  has  rolled  or 
has  been  inclined  ;*  divide  by  six,  and  the  volume  of  the  wedge  is 
obtained  (nearly). 

The  following  is  a  method  of  finding  the  centre  of  gravity  of  a 
vessel  when  fully  equipped  for  sea,  the  rule  being  known  as 
"Aljethell's  rule,"  and  applicable  whenever  a  ship  is  _talsen  into 
dock  with  the  under  side  of  her  keel  deviating  fcom  parallelism 
with  the  upper  surface  of  the  blocks,  which  is  nearly  always  the 
case. 

Suppose  by  the  falling  of  the  water  in  the  dock  the  after  extremity 
of  the  keel  to  come  first  in  contact  with  the  blocks ;  then,  as  the  water 
continues  to  fall,  the^  after  body  is  gradually  forsaken  by  the  water 
and  the  fore  body  further  immersed,  a  constant  equilibrium  being 
maintained  between  the  total  weight  of  the  ship  and  the  pressure 
of  the  water  against  the  immersed  part  of  the  body,  until  the  ship  is 
aground  on  the  blocks,  fore  and  aft.  At  any  intermedia'te  instant  the 
ship  may  be  considered  as  a  lever  of  the  second  kind,  of  which  the 
fulcrum  is  the  transverse  line  or  point  of  contact  of  the  keel  and  after 
block,  and  the  power  and  weight,  the  weight  of  the  immersed  volume 
and  that  of  the  ship  respectively,  each  acting  in  the  vertical  line 
passing  through  its  centre  of  gravity.  As  we  can  by  mensuration 
and  calculation  from  the  draft  of  the  ship  easily  find  its  weight,  as 
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also  ita  immersed  volume,  and  the  perpendicular  distance  of  the  line 
of  pressure  from  the  fulcrum, — therefore,  in  the  equation  of  the 
moments  tie  distance  of  the  vertical  line  passing  through  the  centre 
of  gravity  of  the  ship  is  the  only  unknown  quantity,  and  may  be 
readily  determined,  AN  (fig.  34)  represents  the  water-line  cor- 
respondirrg  to  the  floating  position  of  the  ship,  and  KL  the  observed 
water-line  just  previously  to  die  fore  part  -of  the  keel  touching  the 
blocks.  The  line  PBO,  perpendicular  to  AN,  passes  through  the 
centre  of  gravity  of  the  displaced  volume  AFJIN,  and  consequently 
through  that  of  the  ship. 


Fig.  34. 

Draw  QH  through  the  centre  of  gravity  of  the  volume  KFML, 
perpendicular  to  KL,  and  FG  through  the  fulcrum  F,  parallel  to 
QH.  Then  by  putting  the  total  displacement  AFMN  —  V,  KFML 
:^  V  and  GH  =  6 ;  if  the  line  SEO,  parallel  to  QH,  be  drawn  at  the 

'|. 

through  the  centre  of  gravity  of  the  ship,  which  will  be  in  O,  the 
point  of  their  intersection. 

To  obtain  from  these  considerations  a  genera!  expression  for  the 
perpendicular  distance  of  the  point  0  from  the  water-line  AN,  draw 
AD  perpendicular  to  EG,  and  meeting  it  wlien.  prod&ced  in  D  ;  and 
having  calculated  the  values  of  AB  and  GE,  put  AB  =  a,  DE  or 
DG  -|-  GE  ==  d,  and  the  angle  of  inclination  between  the  water- 


lines  AN  and  KL  =  A ;  then  EO  ^  (— a"\— i—  - 

\^cos  A        /  tan  A 
must  be  set  off  upon  the  perpendicular  PBO,  above  or  bek 

according  as —  is  greater  or  less  than  a. 


which 
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The  curve  of  vertical  sections  may  aho  be  useil  for  determining  tlie 
position  of  the  centre  of  buoyancy,  etc  The  principles  employed 
are  those  enunciated  in  Rules  I.,  II.,  V.,  VI., 
etc.,  where  the  areas,  moments,  etc.,  are  set  off 
at  thtir  respective  distances  on  the  base  line ; 
that  is,  the  load  water-line,  divided  by  a  con- 
stant quantity  corresponding  to  the  depth  of 
the  volume  of  water  displaced.  Tlius,  the 
displacement  is  considered  as  divided  longi- 
tudinally into  two  equal  portions,  which  is 
equivalent  to  dividing  the  base  line  of  the 
sectional  areas  into  two  equal  portions;  and 
if  AC  (fig,  35)  be  the  load  water-line  which  is 
hisect^ed  in  D,  CBADC  is  taken  to  represent 
half  the  displacement.  If  we  set  off  the  verti- 
cal areas  as  ordinates  at  equal  distances  apart, 
the  curve  CBA,  passing  through  their  extremi- 
ties, will  be  that  of  the  curve  of  sectional  areas, 
and  the  centre  of  buoyancy  may  be  determined 
by  the  usual  methods. 

To  ascertain  the  amount  of  weight  the  ship 
can  receive  on  board  and  the  relative  positions 
of  the  weights,  it  Is  only  necessary  to  construct 
on  the  tie  ha  e  a  cur^ e  ot  settiona  for  the 
load  displacement  \nd  lit,ht  di  placement. 
The  difference  between  the  areas  v,\\\  be  the  ro 
pre  entati\e  area  of  the  weight" 

T  (otialiitet  a  Seale  of  Di  placemenl —CiX 
culato  from  the  plans  of  the  \es«el  the  dis 
placement  m  tons  at  each  watei  line  Draw 
a  perpendicular  line  to  represent  the  mean  draught  of  water  and 
set  off  on  this  line  by  means  ot  a  scale  of  part=  the  depths  of  the 
several  water-lines  how  draw  hjnzontal  lines  at  the  points  thus 
obtained,  perpendicular  to  the  a  bi  mcd  scale  f  r  dej  th  ani  hav  ng 
determined  a  scale  to  denote  the  tons  (ascertained  bv  calculatmg  the 
;5isplacement  for  each  water  line  as  aboie")  set  off  on  each  honzontal 
line,  by  this  scale  the  displaLcment  in  tons  due  to  each  water  line 
A  curve  passed  thrjugh  the  e  points  will  be  the  cur^e  of  d  splace 


Fifl.  35 
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ment;  and  the  displacement  for  any  intermediate  draft  c 
tained  readily  from  the  scale. 


In  fig.  36  the  line  L6  represents  the  depth  as  above;  LL'  the  dis- 
placement tonnage  (by  scale  of  parts)  at  the  load  water-line ;  2  2' 
the  displacement  at  the  second  water-line,  and  so  on.  Now,  to  ascer- 
tain  any  intermediate  displacement  at  a  draft  A6,  it  is  only  noces- 
sary  to  draw  the  line  AB  perpendicular  to  L6 ;  measure  the  distance 
AB,  and  transfer  it  to  the  scale  of  tons ;  the  result  is  the  displace- 
ment in  tons  at  the  required  draft  of  water. 

To  find  tlte  "Tons  per  Inch  of  Immersion." — It  is  only  necessary  to 
divide  the  area  of  the  given  water-line  in  square  feet  by  35,  which 
will  give  the  tons  displaceiiieni  per  FOOT  of  immergion.  This  result, 
divided  again  by  12,  gives  the  tons  displacement  per  inch  of  immersion 
atthe given  water-line. 

The  student  has  now  been  shown  the  method  of  ascertaining — 

1.  The  displacement  in  cubic  feet  and  tons. 

2.  The  area  of  any  section,  vertical  or  horizontal. 

3.  The  centre  of  gravity  of  any  section. 

4.  The  position  of  the  centre  of  gravity  of  displacement. 

5.  The  position  of  the  centre  of  gravity  of  the  vessel. 

6.  The  height  of  the  meta-contre  above  the  centre  of  buoyancy. 

7.  The  volume  of  the  "shoulders." 

8.  The  method  of  using  tlie  curve  of  sections. 

9.  The  mode  of  constructing  a  scale  of  displacement ;  and,  lastly, 
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the  mode  of  finding  the  number  of  tons  required  to  im 
one  inch  at  any  given  water-line. 

To  make  these  calculations  is  not  difficult,  but  it  is,  for  some  ves- 
sels, somewhat  laborious.  A  little  method  and  arrangement,  how- 
ever, shortens  the  process  amazingly,  and  the  plan  of  calculation 
most  applicable  to  a  small  vessel  like  the  yaeht  in  question  is  as 
follows : 

On  the  drawing  of  the  vessel  fix  No.  1  section  in  the  sheer  plan 
(fig.  27)  at  some  determinate  place,  such  as  the  fore  end  of  the  load 
water-line ;  then  divide  the  length  of  that  line  into  any  uneven 
number  of  equal  parts  by  lines  perpendicular  to  it,  which  will  repre- 
sent the  vertical  sections.  Draw  a  body  plan  of  these  sections  to  the 
outside  of  the  plank  (fig.  26),  having  the  load  water-line  as  a  base  in 
both  plans.  Divide  the  distance  from  the  load  water-line  to  the  line 
of  the  lower  edge  of  the  rabbet  of  the  keel  continued  at  No.  1  section 
into  an  odd  number  of  equi-distant  parts,  as  five  inclusive ;  also 
divide  the  corresponding  distance  at  the  aftermost  section  into  a  like 
number  of  equi-distant  parts.  Draw  lines  from  No.  1  section  to  the 
aftermost  section  joining  these  divisions,  and  transfer  the  heights  of 
the  intersections  of  these  lines  with  the  sections  to  the  body  plan.  A 
table  must  now  be  ruled  similar  to  the  accompanying  form,  and  the 
half-breadth  of  each-  section  at  each  water-line,  measured  from  the 
body  plan,  inserted  in  its  proper  place  in  the  tabic*  (See  Table 
XXIX.) 

A  description  of  each  column  is  as  follows  : 

a.  The  number  of  tlie  vertical  section. 

b.  The  distance  between  the  water-lines  at  each  section  respect- 
ively. It  is  thus  found:  the  distance  of  the  load  water-line  to  the 
lower  edge  of  the  rabbet  of  the  keel  at  No.  1  section  is  8  feet,  and  at 
No,  11  section  it  is  9.875  feet;  then,  as  No.  1  and  No.  11  sections 
are  75  feet  apart,  it  follows  that  the  difference  of  draft  of  water  in 
75  feet  is  1.875  feet,  and  the  difierenee  between  each  section  when 
(as  in  this  case)  they  are  7,5  feet  apart  is— 

1.875  X  7.5  ^_^g^^^ 
75  . 
As  there  are  four  water-lines,  the  distance  between  tliem  at  each  Sue- 
s' Or  the  uriiinaWa  may  be  mea^ureil  from  the  half-breadth  plu.n. 
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ceeding  section  Vill  be  increased  by  the  fourth  part  of  .1875  =  .047 
feet.  At  No.  1  section  the  water-lines  are  2  feet  apart ;  at  Ko.  2, 
2  +  .047  =  2.047  feet  apart,  and  so  on. 

e.  The  number  by  which  the  oi-dinates  are  to  be  multiplied  in  find- 
ing the  displacement  by  horizontal  sections, 

d.  The  ordiuates  of  the  lowest  longitudinal  section,  or  half  siding 
of  the  keel  at  each  section. 

e.  The  ordinates  of  the  lowest  water-line. 
/.  The  ordinates  of  the  third  water-line. 
g.  The  ordLuates  of  1jie  second  water-line. 
A.  The  ordinates  of  the  load  water-line. 

i.  The  sums  of  the  ordinates  as  multip]ie<l. 

S.  The  half  areas  of  the  sections  ^  — - — ;  thus,  for  No.  7  section. 


/,  The  half  areas  of  the  sections  multiplied  by  the  numbers  in 
column  c  respectively;'  the  sum  of  the  column  I  multiplied  by  one- 
third  of  the  common  interval  between  the  sections  gives  one-half  the 

displacement  in  cubic  feet,  or — ^-  X  2  =  whole  displacement, 

which,  divided  by  35,  gives  the  displacement  in  tons  of  that  part  of 

the  vessel  included  within  the  limits  of  the  calculation,*  thus — 

7  5 
1009.7  X  ^^  X  2  —  5048.5  cubic  feet  =  144.2  tons. 

m.  T!ic  multipliers  for  finding  the  distance  of  the  centre  of  gravity 
of  displacement  from  No,  1  section. 


the  sections,  =^  distance  the  centre  of  gravity  of  displacement  is  from 

No.  1  section  or  ^^^  X  7.5  =  41.2  feet. 

o.  The  ordinates  of  the  load  water-line  multiplied  by  the  numbers 
in  column  e  respectively ;  the  sum  of  these  products,  multiplied  by 
one-third  of  the  common  interval  between  the  sections,  will  give  half 
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load  watcr-Une,  or  225.7  X  "t  X  2  —  1128. 5  square  feet  =  tlie 
whole  area. 

p.  The  products  m  and  o  for  finding  the  distance  of  the  centre  of 
gravity  of  the  load  water-line  from  No.  1  section.  The  sum  of  these 
products,  divided  by  the  sum  of  column  o,  and  the  quotient  multiplied 

Op 
by  the  common  interval,  gives  the  required  distance,  or  —  X  7.5  = 

the  distance  of  the  centre  of  gravity  of  the  load  water-line  from  No. 

1254  4 
1  section  ^  ^^gf^  X  7.5  ^  41.68  feet. 

r.  The  ordinates  of  th&  immersed  water-line  when  the  vessel  is 
inclined  10°. 

s.  The  ordinates  of  the  emerged  wat«r-line  when  the  vessel  is  in- 
clined 10°. 

(.  The  half  sums  of  r  and  s. 

M.  The  products  of  t  and  e.  The  sum  of  this  column,  multiplied  by 
one-third  of  the  common  interval,  gives  one-half  of  the  area  of  the 

inclined  water-line,  thus:   Ow  X  -^  X  2  =  the  whole  area,  or 

7  5 
225.2  X  -^  X  2  =  1126  square  feet 

V,  The  products  of  u  and  m  for  finding  the  distance  of  the  cen- 
tre of  gravity  of  the  inclined  water-line  from  Mo.  1  section ;  tlien 

1262.2 
■    ;..T  =  (iisraiice  rpmiirpii.  o- 
Ou 

Ml.  The  cubes  of  the  ordinates  of  the  load  water-line  required  for 
finding  the  height  of  the  meta-ecntre  above  the  centre  of  gravity  of 
displacement.  The  sum  of  this  column,  multiplied  by  two-thirds  of 
the  common  interval,  and  the  product  divided  by  the  number  of 
cubic  feet  in  the  displacement,  gives  the  height  of  the  meta-centfe ; 

6033  24       7  5 
thus  ■ '—  X  -"^  X  2  :^  5.975  ^^  heia;ht  of  the  meta-centre  above 

6048.5    •^    3  ^ 

the  centre  of  gravity  of  the  displacement. 

To  find  that  part  of  the  displacement  which  is  before  the  centre  of 
gravity,  this  latter  point  being  41.2  feet  abail  No.  1  section,  it  will 
be  3.8  feet  before  No.  7.  The  displacement  between  Nos.  1  and  7, 
taken  from  column  I,  is  2888.5  cubic  feet;  from  this  must  be  sub- 
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traoted  the  cubical  content  of  that  part  between  No,  7  and  the  centre 
of  gravity  =  area  of  No.  7  X  3.8  =^  109.8  X  3.8  =  417  cubic  feet; 
thus  making  the  displacement  before  the  centre  of  gravity  2471.5 
cubic  feet;  and  the  displacement  abaft  that  centre  ^vill  he  the  whole 
displacement  minus  2471.5  =  2577  cubic  feet 

The  distance  of  the  centre  of  gravity  of  the  fore  body  from  the 
centre  of  gravity  of  displacement  will  be  for  the  part  between  Nos.  1 
and  7,  from  column  n — 

2.4  X  0  = 
45,6  X  1  =     45.6 

45.8  X  2  =-     91.6 

136.8  X  3  =    410.4 
86.2  X  4  ^    344.8 

206.0  X  5  ^  1030.0 

54.9  X  6  =    329.4 

576.9  2251.8 

^^h^  —  3.9,  which  multiplied  by  the  common  interval  7.5  =  29.25 
676.9 
feet  =  distance  the  centre  of  gravity  of  tbat  part  between  Nos.  1 
and  7,  is  from  No.  1  section.     The  centre  of  gravity  of  the  part  be- 
tween No.   7  and  the   centre  of  gravity  of  displacement  will  be 

45  _  ^  =  43.1  feet  from  No.   1,  and  combining  these  distances 

2 
we  have 

2884.5  X  29.2j  =  84:i71 
417.0  X  43.1  =  17972 
2467.5  66399 

^6399  ^  26  9  feet  the  distance  of  the  centre  of  gravity  of  the  fore 

2467.5 

body  from  No.  1 ;  then  41.2  —  26.9  :=  13.9  feet,  which  will  be  the 

distance  of  the  centre  of  gravity  of  the  fore  body  from  the  centre  of 

gravity  of  displacement. 

For  the  after  body  a  similar  method  is  pursued,  except  that  in  this 
case  the  smaller  moment  is  positive.  The  result  gives  the  distance 
as  13.5  feet. 

To  find  the  distance  the  centre  of  gravity  of  displacement  is  below 
the  load  water-line,  multiply  the  sums  of  the  products  of  the  ordi- 
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nates  of  the  water-lines  [multiplied  by  the  numbers  1,  4,  2,  4,  1 
respectively)  by  0,  1,  2,  3,  4  respectively,  commencing  from  the  load 
water-lbie  downward ;  the  sum  of  these  products  divided  by  the  sum 
of  the  first  products,  and  the  quotient  multiplied  by  the  distance 
between  the  water-lines  at  the  centre  of  gravity  of  displacement,  wUl 
give  the  required  distance,  thus : 

Load  water-line  76.1  X  1  =    76.1  X  0 
Water-line  (2)    59.8  X  4  =  239.2  X  1  ^  239.2 
"       (3)    3T.1  X  2  =    74.2  X  2  ^  148.4 
(4)    14.2  X  4  =    56.8  X  3  =  170.4 

Keel 3.3X1=     3.3x4=    13.2 

449.6  571,2 

The  distance  between  the  water-lines  at  the  centre  of  gravity  is 
thus  found :  oa  the  length  between  the  extreme  sections  is  to  the  dif- 
ference of  depth  in  that  length,  so  is  the  length  from  Ko.  1  section  to 
the  centre  of  gravity  to  the  difierenee  in  depth  due  to  that  part  of  the 
length ;  or, 

80    :    2    :  :    41.2    :    1.03 

This,  added  to  the  depth  at  No.  1  section,  gives  the  whole  depth  at 
the  centre  of  gravity  =  8  +  1-03  ^^  9.03  feet,  which,  divided  by  4 
(the  number  of  water-lines),  =  the  distance  the  water-lines  are  apart 
at  the  centre  of  gravity  ;^  2.26  feet. 

I   ■     .^  o  O.J  ^  2.871  feet,  the  required  distance. 

The  above  method  of  finding  the  distance  between  each  water-lino 
is  not  always  strictly  correct,  because  the  centre  of  gravity  of  dis- 
placement longitudinally  may  not  be  exactly  at  the  point  used  (41.2) ; 
but  the  error  is  so  trifling  as  to  be  practically  insignificant.  In  the 
forgoing fCfil^ulations  the  keel  is  omitted;  its  dimensions  being— 
lengthf-80  feet;  depth,  1  foot;  and  breadth,  7  inches.  The  cubic 
content  is  therefore  48  feet 

There  is  also  a  trapezium  between  No.  2  section  and  the  stem-post ; 
the  depth,  10  feet )  length,  5  feet ;  and  mean  breadth,  1  foot  ^^  50 
cubic  feet.     The  total  displacement  is  therefore — 

5048.5  +  48  +  50  ==  6146.5  cubic  feet  =  147  tons. 
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A  full  understanding  of  the  reasoE  for  each  step  in  the  process  of 
calculation  greatly  facilitates  ihe  proceeding. 

The  first  and  principal  object  is  to  find  the  area  of  each  vertical 
section.  If  the  section  were  a  rectilinear  triangle,  nothing  more 
■would  be  required  than  to  take  the  sum  of  half  of  the  two  extreme 
ordinates  and  multiply  it  by  its  depth ;  but  the  sections  of  a  ship 
have  one  side  of  the  triangle  curvilinear,  and  therefore  this  easy 
method  of  finding  the  area  would  give  an  erroneous  result,  as  it  does 
not  include  the  space  contained  between  the  right  line  and  the  curve. 

Of  the  three  methods  given  for  obtaining  a  more  correct  area,  the 
"  Short"  rule,  or  third  method,  is  the  simplest  known,  though  it  is 
too  inaccurate  for  most  cases. 

Applying  the  "  Short"  rule  to  Section  7  of  the  table,,-we  have — 
Ordinate  1.'..       .3  Ordinate  2...   2.3 

5...    10.7  "         3...    6.4 

2)     11.0...  A  '■        4...   9.8 

V 5.5  18.5...  Q 


24.0 
r 2.282  distance  between  the  ordinates. 

54.768'  required  half  area, 
which  is  slightly  different  from  the  tabulated  area. 

But  it  is  better  to  use  "Simpson's"  rale,  as  by  it  we  would  h 
Ordinate  1...  0.3  Ordinate  2....     2.3  Ordinate  3... 

5....       10.7  "       4....     9.8 

A '.....  11.0         P 12J         2Q 


12.8         4  P 48.4 

f 2.282  the  distance  between  the  ordinates. 

3)  164.76 

54.92  the  required  half  area, 
as  determined  from  the  formula  in  which  the 
Area  =  [A  +  4P  +  2Q]  - 
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the  curve  bounding  the  area  being  supposed  to  be  a  portion  c 


The  second  rule  may  be  applied  in  a  similar  manner ;  but  the 
area  must  be  divided  into  that  number  of  equal  divisions  which  will 
be  a  multiple  of  3,  so  as  to  make  the  number  of  ordinates  a  mul- 
tiple of  3  with  one  added. 

As  before  stated,  in  calculating  areas  or  displacement  when  the 
water-lines  or  sections  are  very  round,  or  when  the  vertical  sections 
are  more  than_^i;e  feet  apart,  either  " iSimpson's"  rule  or  the  "Three- 
eighths"  rule  should  be  employed  ;  but  when  the  lines  are  tolerably 
straight,  and  the  ordinates  are  less  than  five  feet  apart,  the  "  Short " 
rule  will  give  a  result  sufficiently  accurate,  and  from  its  greater  sim- 
plicity is  to  be  preferred ;  or  the  two  rules  may  be  combined  with 
advantage,  as  when  the  vertical  sections  are  much  curved,  but  the 
water-lines  rather  straight;  thus,  to  calculate  the  displacement, 
taking  the  half  areas  found  by  "Simpson's"  rule  from  column  k, 
Table  XXIX.: 

Section  1 2.4  (half) 


11,4 
22.9 
34.2 
43.1 
51.5 
54.9 


9 37.5 

10 24.5 

11 9.3  (half) 


7.5    distance  between  the  seetipns. 
2509.125  half  displacement 
2 


5Q18.25  whole  displacement. 

When  the  water-lines  are  parallel  and  equi-distant,  the  displace- 
nent  may  be  found  by  taking  the  areas  of  the  water-lines  and  apply- 
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ing  either  rule  to  them  ;  though  in  tJie  case  of  the  yacht  whose  dis- 
placement we  are  calculating,  the  water-lines  not  being  equi-distant 
and  parallel,  it  is  almost  impracticable  to  obtain  an  exact  result  in 
this  way,  though  a  tolerably  good  approximation  may  he  obtained, 
as  in  the  following  example  (the  distance  between  the  water-lines 
being  supposed  to  be  that  at  the  middle  of  the  length,  or  at  No.  6 
section),  by  taking  the  areas  of  the  water-lines  by  the  "  Short"  rule, 
and  completing  the  calculation  by  Simpson's  rule,  thus  : 

Keel 3.0X1=     3.0 

\V"at«r-line  (4)  14.2  X  4  =    56.8 

(3)  37.1  X  2  =    74.2 

(2)  59.5  X  4  =  238.0 

Load  water-line  74.7  X  1'=    74.7 

446.7 


2  235  /  *^'^*^''^s  between  the  ^ 

'_    I      Hues. 

2495.9  half  displacement. 


4991.8  whole  displacement. 

which  diffei-s  very  little  from  the  more  laborious  process,  and,  if 
net  quite  so   correct,  is  useful   as  a   dieck  on  the  aeeuraey  of  the 

In  calculating  the  distance  of  the  centre  of  gravity  of  displacement 
from  No.  1  section,  it  is  required  to  find  the  moment  of  each  section, 
which  is  its  distance  multiplied  by  its  contents;  the  sum  of  these  mo- 
ments divided  by  the  sum  of  the  contents  will  give  the  distance 
required ;  but  as  this  process  involves  a  large  number  of  figures,  it  is 
curtailed  by  multiplying  the  area  of  each  section  by  the  number  of 
its  place  from  No.  1 :  if  then  the  sum  of  the  areas  so  multiplied  is 
divided  by  the  sum  of  all  the  areas,  and  the  quotient  is  multiplied  by 
the  distance  between  the  sections,  the  same  end  is  gained  with  a  less 
amount  of  figuring. 
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Tlte  positions  of  the  other  centres  of  gravity  are  calculated  on  the 
same  principle. 

The  height  of  the  metarcentre  above  the  centre  of  gravity  of  dis- 
placement being  a  measure  of  the  comparative  stability  of  the  ship,  is 

estimated  from  the  expression  -  )  -^ — ,  in  which 

y    =  the  ordinates  of  the  ha!f-breadth  load  water  section. 
dx  =  the  increment  of  the  length  of  load  water  section. 
D  :=  displacement  in  cubic  feet. 

The  ordinatea  are  taken  from  the  table  (column  /*)  and  cubed 
(column  hi),  the  calculation  being  made  m  accordance  with  the  rules 
previously  given. 

It  will  thus  be  seen  that  the  calculations  for  a  small  vessel  are  ex- 
tremely simple  and  easy  of  performance ;  indeed  any  one  tolerably 
well  versed  in  simple  arithmetic  may  complete  the  whole  of  the  cal- 
culations for  a  vessel  6f,  say,  200  tons  in  lets  than  an  hour,  when  equi- 
distant vertical  sections  «,nd  the  water-lines  at  their  proper  height  are 
drawn  in  the  half-breadth  and  body  plans. 

It  now  only  remains  to  find  the  area  and  position  of  the  centre  of 
efibrt  of  the  sails. 

The  area  of  the  jib  is  found  as  follows:  The  luff  being  the  bypo- 
thenuse,  the  foot  the  base,  the  after  leech  the  perpendicular ;  from  the 
clew  let  fall  a  perpendicular  to  the  luff,  multiply  the  length  of  luff 
by  length  of  this  perpendicular  and  divide  by  2 ;  the  result  is  the 
required  area. 

The  centre  of  gravity  (or  of  effort)  of  the  jib  is  found  by  bisecting 
the  length  of  the  luff,  then  two-thirds  the  distance  from  this  point  to 
the  clew,  set  off  on  a  straight  line,  is  the  position  of  the  centre  of 
gravity  required. 

TheTarea  of  the  mainsail  is  ascertained  by  dividing  the  whole  sail 
into  two  triangles  by  a  diagonal,  finding  the  area  of  each  triangle 
and  adding  them  together. 

To  find  the  centre  of  gravity  of  the  same  sail,  divide  it  by  lines 
into  four  triangles,  find  the  centre  of  gravity  of  each,  then  draw  lines 
from  these  centres— where  they  intersect  is  the  centre  of  gravity  of 
the  whole  sail. 

The  area  of  the  sails  of  the  schooner  (fig.  29)  calculated  in  the 
foregoing  maflnner  will  he  as  follows  : 
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Jib 992" 

Foresaii 1290 

Marasail 2028 

4310 
The  position  of  the  centre  of  effort  as  to  height  above  the  'water- 
line  is  found  by  multiplying  the  area  of  each  sail  by  the  perpendicu- 
lar distance  of  its  centre  of  gravity  from  the  water-line,  then  dividing 
the  sum  of  these  products  or  motnenU  by  the  sum  of  the  areas ;  the 
quotient  is  the  required  distance,  thus  : 

neiglit  of  oeiitie  of  gravity 
Areas  in  »q,  ftot,  ftet  Momenta. 

Jib 992  X25.6  =25395. 

Foresail   1290  X  32.0  =  41280. 

Mainsail  2028  X  31.6  ^  64084. 

4310  )  130759. 

80.33 
or  the  height  of  the  centre  of  effort  above  the  load  water-line. 

The  distance  of  the  centre  of  effort  from  any  perpendicular  to  the 
water-line,  considered  as  an  initial  point,  is  found  hy  dividing  the 
difference  of  the  moment  of  sail  before  and  abaft  that  perpendicular 
by  the  area  of  sail ;  according  as  the  excess  of  the  momenta  is  before 
or  abaft  the  perpendicular,  so  wUl  the  position  of  the  centre  of 
efibrt  be — thus : 


Jib 992 

Foresail   1290 

Mainsail  2028 
4310 
or  [55770  —  42559]  H-  4310  =  3.06,  which  is  the  distance  the  centre 
of  effort  of  all  the  sails  is  abafi  the  centre  of  gravity  of  the  immersed 
longitudinal  section. 

To  find  the  Centre  0/  Gravity  from  a  Model. — It  is  only  necessary 
to  dispose  the  model,  which,  for  great  accuracy,  may  be  made  with- 
out screws  or  dowels,  successively  in  two  positions  of  equilibrium. 
Insert  a  tack  in  the  surface  of  the  plane  representing  the  middle  line 


35.1  before 

=  -34819 

6.0     " 

=  —   7740 

27.5  abaft 

=  +  55770 
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near  the  extreme  point  of  intersection  of  rail  with  kniglithead,  from 
which  suspend  the  model  by  a  line ;  hang  a  plummet  from  the  same 
point  of  suspension,  and,  when  at  rest,  mark  the  intersection  of  the 
line  with  the  plane ;  tlie  model  may  now  be  suspended  from  the 
other  extremity,  at  the  intersection  of  the  rail  ivith  the  stern,  and 
the  centre  of  gravity  will  be  found  on  the  plane  at  the  intersection 
of  tiie  two  lines  thus  found. 

The  same  process  may  be  resorted  to  in  determining  the  centre 
of  buoyancy,  by  separating  the  model  at  the  load,  or  any  line  of 
flotation  below  which  the  centre  of  displacement  is  required. 

The  di^lacement  is  obtained  by  the  foUoiving  simple  method :  A. 
water-tight  vessel,  having  a  small  pulley  in  the  bottom,  is  filled  with 
distilled  water  in  sufficient  quantity  to  float  the  model,  which  is 
placed  in  the  fluid  and  drawn  down  by  the  pulley  to  its  proposed  line 
of  flotation.  A  faucet  previously  arranged  permits  the  exact  amount 
of  water  displaced  to  run  out  into  the  bowl  of  a  nicely  adjusted  pair 
of  scales,  and  the  weight  of  water  displaced  by  the  half  model ;  and 
by  an  easy  computation  the  whole  ship  may  be  thus  obtained. 

FOEII  OF  COSTEAOT  FOK  BUILDING  A  SCHOONER  YACHT  OF 
165  TONS,   BUILDEES'   MEASIjKEMENT. 

It  is  this  day  agreed  between  A.   B.  of ;  and  C.  T).  of 

,  ship-builder;  the  said  C.  D.  to  build  and  complete  the  hull 

of  a  schooner  yacht,  according  to  the  following  dimensions  and  pro- 
portions, for  the  sum  of  $  ,  to  be  paid  in  three  separate  portions ; 
viz.,  the  first  payment  of  I  to  be  made  upon  signing  this  agree- 

ment ;  the  second  payment  of  $  to  be  made  when  the  vessel  is 

completely  timbered  and  planked  and  the  upper  deck  laid,  and  the 
remainder  of  the  sum  to  be  paid  when  the  vessel  is  delivered  over  to 
the  said  A.  B, ;  and  the  said  C.  D.  agrees  to  complete  the  said  yacht 
and  deliver  over  the  same  to  the  said  A.  B.  on  or  before  the 
day  of  ,  186  ,  and  in  default  of  so  completing  and  delivering 

over,  he  agrees  to  forfeit  the  sum  of  $  per  day  for  each  and 

every  day  the  said  yacht  is  not  completed  and  delivered  over  to  the 
said  A.  B.  after  the  above-named  day ;  and  it  is  further  agreed  that 
the  said  A.  B,  shall  appoint  a  surveyor  to  overlook  the  work  and 
material  used  in  the  building  of  the  said  yacht,  and  that  the  said 
yacht  shall  be  built  to  the  satisfaction  of  the  said  surveyor;  and  that 
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no  payment  of  money  shall  be  due  until  the  said  surveyor  shall  have 
signified  in  writing  that-  the  workmanship  and  material  meets  witli 
his  approval;  and  the  said  surveyor  shall  at  all  times  be  permitted 
to  have  access  to  the  said  vessel  during  the  progress  of  the  work ; 
and  that  no  charge  shall  be  made  by  the  said  C.  D.  for  any  work  or 
material  not  specified  hereafter,  or  for  any  alteration  of  any  part  of 
the  dimensions,  materials  or  fittings,  unless  a  written  order  for  such 
extra  work  be  given  by  the  said  A,  B.  or  his  surveyor;  and  that  any 
such  order  for  extra  work  shall  state  the  number  of  days  over  the 
day  of  ,  186  ,  which  shall  be  allowed  to  the  said  C,  D. 

to  finish  the  said  vessel,  in  consideration  of  such  extra  work  or  altera- 
tion ;  and  if  no  mention  of  such  additional  time  is  made  in  writing, 
then  the  original  date  is  to  be  considered  as  the  day  for  completing 
the  said  vessel  as  aforesaid. 

Dimensions. 

Length  between  the  perpendiculars 80  0 

Length  of  keel  for  tonnage 67  It 

Breadth,  extreme 21  8 

Breadth,  moulded 21  0 

Depth  in  hold —  — 

Burthen  in  tons,  164|^,  builders'  measure. 

Specifications. 

Keel. — To  be  of  live  oak  in  not  more  than  three  pieces,  sided  amid- 
ships 8  inches,  tapered  at  the  ends  to  7  inches,  moulded  10 
inches,  to  have  6  inches  whole  w'ood  below  the  rabbet,  scarphs 
3  feet  long,  caulked  anS  bolted  with  four  i-inch  copperbolts. 

Fake  keel. — Of  white  oak,  thick  4  inches. 

Keelson. — Of  live  oak,  sided  8  inches,  moulded  8  inches,  bolted 
through  every  floor  timber  with  one  ^-inch  copper  bolt,  scarphs 
same  as  keel. 

iSfem. — Of  live  oak,  sided  at  the  bead  8  inches,  at  the  foot  7  inches, 
moulded  at  head  10  inches,  whole  wood  before  the  rabbet  4 
inches,  scarphs  as  keel. 

Apron. — Of  live  oak,  sided  as  the  stem,  moulded  not  leas  than  8 
inches. 
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Knightkeads. — Sided  6  iiiclies,  moulded  as  the  frame,  bolted  through 

the  st«m  with  5-inch  iron. 
Slern-post. — Of  live  oak,  sided  at  the  head  8  inches,  at  the  heel  7 

inches,  moulded  at  head  10  inches,  at  heel  12  inches. 
Inner  post. — Of  live  oak,  sided  as  post,  moulded  as  per  draft. 
.  Deadwood. — Of   live  oak,  forward  and  aft  as  may  he  required,  with 
deadwood  knees  well  bolted  with  f-inch  copper. 

Frame. — Moulded  at  cutting  dowD 8  inches. 

"         floor  heads 7     " 

"         half  floor  heads. 6J  " 

"         first  fiittock  heads 6     " 

"         planksheer 4     " 

Floors  sided  amidships  8  inches,  forward  and  aft  7     " 
Half  eoors  "  7      "  "  "       6     " 

1st  fiittoeks  "         6      "  "  "      oj  " 

2d  futtocks  "  5      "  "  "       4J  " 

The  timbers  of  the  frame  to  be  of  live  oak,  free  from  sap  or  defect. 
Tlie  floors  and  half  floors  to  be  bolted  together  with  f-inch  square 
iron,  the  rest  of  the  frame  with  J-inch  square  iron.  To  have  two 
hawse  timbers  of  live  oak  on  each  side,  bolted  with  1-inch  iron,  sided 
9  inches  at  head. 

To  have  a  transom,  or  to  be  framed  at  the  counter,  as  required. 
Wales. — To  have  two  strakes  of  live  oak  or  white  oak  wales,  together 

wide  9  inches.  '  ' 

Plank, — The  eight  lower  strakes  to  be  of  white  oak,  3  inches  thick; 
the  remainder  to  be  of  yellow  pine,  3  inches  thick ;  to  be 
festened  with  copper  i  inch  in  diameter,  clenched  through  every 
third  timber,  and  a  i-inch  metal  dump  7  inches  Jong  in  the  re- 
maining timbers.  All  the  plank*  to  be  wrought  in  parallel 
strakes,  the  butts  to  have  not  less  than  6  feet  shift,  and  three 
strakes  of  plank  to  intervene  between  two  butts  placed  above  one 
another  on  the  same  timber. 
Shelf. — Of  yellow  pine,  deep  8  inches,  wide  at  the  upper  side  6  inches, 

at  the  lower  side  3  inches,  bolted  with  l-ineh  copper. 
Deck  Beams. — Of  yellow  pine,  sided  6  inch,  moulded  6  inch,  secured 
to  the  shelf  with  one  ^-inch  iron  bolt  at  each  end.     The  bitt, 
mast  and  two  other  beams  to  have  an  iron  hanging  knee  at  each 
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end,  each  weighing  28  lbs.,  aud  fastened  with  three  iron  i-inch 

bolts  through  the  beam  arm,  aud  three  copper  J-ioch  bolts 

through  the  side  arm. 
Iron  crutches  and  deck  hooka  as  directed. 
Watemiap. — Of  yellow  pine,  deep  4  inches,  wide  8  inches. 
Planhheer. — Of  yellow  pine,  4  inches  thick  and  6  inches  wide 
Eoughtree  stanchions. — Sided  at  planksheer  5  inches,  at  rail  3i  inches 

of  white  oak,  wide  5  inches,  thick  3  inches. 
Coamings  and  headledges. — Of  live  oak  or  mahogany,  thick  3  inches. 
Deck. — Of  2iS-inch  yellow  pine,  each  strake  not  more  than  4  inches 

wide,  fastened  with  metal  spikes  6  inches  long,  the  strakes  at 

and  about  the  windlass,  masts,  etc.,  to  be  of  live  oak  or  white 

oak  as  directed. 
Platform  Bemm. — Of  yellow  pine,  4  inches  by  4  inches. 
Pto/fwm.— Of  2-inch  piae. 
Ceiling. — Below  the  platform  of  live  oak,  the  remainder  of  yellow 

pine  1  inch  thick,  fastened  to  the  timbers  with  galvanized  iron 

spikes,  4  indies  long. 
Pall  Eitts. — 8  inches  s(iu are,  to, run  down  and  secure  to  the  keelson 

as  may  be  directed. 
Garrich  Bitts. — Sided  3  inch,  not  less  than  10  inches  wide,  properly 

kneed,  bolted  and  secured. 
Windlasa. — Complete  with  palls,  pinion  and  wheel-work,  etc; ;  if  a 

patent  windlass  is  required,  it  is  to  be  paid  for  in  addition. 
Channel  work,  chain  plates,  bolts,  dead-eyes,  etc.,  as  required. 
Mad  Partners. — To  be  properly  framed. 
Bidder. — To  be  made  and  bolted  as  required,  the  head  to  be  round, 

8  inches  diameter.     To  find  and  fix  three  pairs  of  proper  metal 

pintles  and  braces ;  the  rudder  head  to  fit  and  work  in  a  metal 

collar  let  into  the  deck. 
TUler. — Of  wood  or  iron. 
Bulwarks.— Of  yellow  pine  or  chestnut,  1  inch  thick,  rabbeted,  each 

strake  3  inches  wide. 
Catheads. — As  required,  with  sheaves,  whiskers  to  jibboom,  guy,  etc. 
Skylights  and  deck  fittings  complete,  of  mahogany,  as  required. 
Mast  steps. — On  the  keelson  5  feet  long,  4  inches  deep. 
Cabin  fittings. — The  bulkheads  of  1  inch  pine,  rabbeted,  the  main- 
cabin  to  be  fitted  with  panels  of  maple  wood  with  mahogany 
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styles  and  rails,  French  polished ;  the  after  cabin  fitted  with 


Caulking. — The  vessel  to  he  tlioroughly  caulked  with .  the  usual 
number  of  threads  of  oakum,  and  the  seams  payed  with  pitch 
and  scraped ;  the  deck  to  be  payed  with  marine  glue. 

To  find  and  fit  all  necessary  pin-racks,  belaying  bitts,  eleatg  and 
pins  to  foro  and  mainmasts,  also  cleats,  sheaves,  eye-bolts,  etc., 
as  required  for  a  schooner ;  boat-davita,  hawse-pipes,  chain-cable 
hoods,  two  pumps  and  pipes,  companion  ladders,  etc. 

The  bottom  of  the  vessel  to  be  coppered  with  18-ounce  copper,  from 
6  inches  above  the  load  water-line  downward,  the  fore  part  of 
the  stem  and  under  side  of  the  keel  to  be  covered  with  32-ounce 
copper. 

To  provide  a  new  gig  boat  25  feet  long,  with  oars,  rudder,  thwarts 
and  gratings  complete;  also  a  new  dingy  15  feet  long,  complete. 

The  whole  of  the  materials  and  workmanship  to  be  of  good  quality, 
and  to  the  satisfaction  of  the  surveyor ;  and  the  vessel  to  be 
completed  as  to  hull,  cabin  and  deck-fittings  by  the  builder. 

The  bulwarks  to  have  three  coats  of  paint  inside  and  out,  and  the 
cabins  and  underside  of  the  deck  to  receive  three  coats  of  paint 
as  directed. 
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CHAPTER  XXIX. 


Let  the  constructor  take,  for  example,  the  scheme  on  page  34 
(Chapter  V.),  where  the  ship  is  to  have  90,000  cubic  feet  of  gross 
capacity  and  1500  tons  gross  weight.  It  happens  to  be  a  merchant 
steamer,  and  the  question  is:  "What  are  the  extreme  dimensions  of  a 
ship  able  to  do  this  work  ?— observing  that  the  work  i-!  to  be  done 
at  ten  (10)  knots  per  hour.  The  nominal  tonnage  of  a  ship  or 
"  roomage"  being  100  cubic  feet  to  a  ton,  this  vessel  will  bo  uomi- 
Dally  a  900-ton  ship;  but  ao  this  gives  nothing  in  regard  to  the 
dimensiCtnis  of  the  vessel,  the  naval  architect  is  left  to  draw  these 
elements  from  his  own  resources  and  judgment.  He  has  one  ele- 
ment, however,  of  a  definite  nature — viz.,  that  the  total  dead  weight 
to  be  carried  is  1500  tons. 

By  referring  to  Chapter  VI.  and  VII.,  he  will  find  the  immediate 
means  of  approximating  to  the  dimensions  of  his  vessel.  As  Chap- 
ter VI.  contains  the  principles  of  displacement,  he  can  there  find 
by  Table  III.  what  the  ship  will  have  to  be  in  order  to  carry  the 
weight  of  1500  tons.  She  must  displace  75,000  cubic  feet  of  sea 
water.  Now  commence  by  supposing  her  to  be  a  rectangular  box,  of 
which  the  draft  is  to  be  15  feet  (the  limit  assigned) ;  he  will  find  that 
such  a  box  must  be  200  feet  long  and  25  feet  wide  when  immersed  to 
15  feet,  in  order  to  carry  the  assigned  weight.  These,  then,  are  the 
dimensions  {about),  having  as  yet  no  assigned  shape.  This  I>eing  the 
gross  under-water  body  of  the  ship,  there  remains  for  the  over-water 
body  only  15,000  cubic  feet.  The  designer  will  at  once  see  that  this 
quantity  is  too  small  for  an  over-water  body,  as  in  the  rectangular 
bos  the  top  would  only  be  three  (3)  feet  above  water.  In  order  to 
be  safe,  the  architect  will  have  to  enlarge  the  over-water  body ;  the 
under-water  body  he  cannot  diminish.     He  will  find  in  the  following 
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Chapter  (Vin.)  that  the  over-water  body  is  too  small,  both  for  ata- 
bilily  and  seaworthiness. 

Passing  to  tbe  various  cross  sections  presented  in  Chapter  XIII., 
he  will  come  upon  two  forms  (figs.  6  and  7)  which  are  sufficiently 
near  the  usual  forms  of  midship  section  of  mercliant  steamers  to  serve 
as  a  type  for  a  first  approximation.  A  sailing  vessel  would  do  better 
with  fig,  8  or  probably  fig.  9 ;  but  cargo-carrying  and  steam-power 
being  the  main  elements,  fig.  6  or  fig.  7  is  better  tor  the  purpose. 
The  di-affc  of  water  being  small,  a  full  form  of  midship  section  is 
requisite ;  therefore  fig.  7  will  be  the  best  form  to  start  with.  In 
regai-d  to  this  midship  section,  he  will  observe  that  the  comers 
being  rounded  ofi",  the  stability  is  therefore  increased,  but  that  it  will 
not  give  the  necessary  displacement  witliout  increasing  tlie  breadth. 
He  can  therefore  add  a  foot  to  the  breadth  of  beam  to  make  up  for 
the  roundness  of  the  bilge.  In  regard  to  "  shoulder,"  the  value  of 
that  will  have  to  be  left  to  a  later  calculation,  when  the  final  beam 
is  determined. 

Before  going  ferther,  he  must  now  pass  to  the  character  of  the 
bow  and  stern  of  the  intended  ship.  Table  XXII,,  on  page  160,  gives 
the  length  of  entrance  and  run  required  for  the  given  speed  of  ten 
(10)  knots.  For  that  speed  (about  12  statute  miles),  with  the  least 
resistance,  the  "entrance,"  must  be  60.5  feet  long  and  the  "run" 
43.2  feet.  Adding  7  feet  for  the  screw  and  appendages  will  give  the 
architect  a  bow  of  60  feet  length  and  a  I'un  of  50 ;  and  if  he  does  not 
fancy  the  idea  of  so  much  fineness,  he  may  cut  off  ten  feet  from  the 
extreme  sharpness  of  the  bow,  reducing  it  to  50  feet  entrance. 

But  the  architect  sees,  at  once,  that  in  Jeaving  the  box  form  and 
adopting  the  "  wave"  form  of  shai-p  bow  and  fine  run,  he  has  lost 
carrying  power  and  sacrificed  displacement  to  speed ;  how  is  he  to 
replace  this  lost  quantity  ?  For  this  purpose  he  must  go  to  Chapter 
XXlII.,  Table  XXII.,  and,  by  calculation,  see  how  much  capacity 
remains  to  bim  in  the  50  feet  of  entrance  and  43  feet  of  run  left.  He 
will  see  tliat  only  about  58  per  cent,  of  the  original  displacement  is 
left;  and  therefore  42  per  cent,  must  be  replaced  elsewhere.  As 
the  real  displacement  lost  amounts  to  above  15,700  cubic  feet,  and 
that  mxist  be  replaced,  the  only  way  remaining  to  find  this  last  is  to 
enlarge  the  midship  section,  for  the  addition  of  100  square  feet  to  the 
midship  section,  wlien  multiplied    by  a  co-cfiicient  of  .775  of  the 
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length  given  iu  Table  XXII.  (elements  of  "wave"  form),  gives  the 
architect  a  figure  (15,500)  almost  exactly  the  lost  displaceineDt. 
Tlie  elements  of  the  vessel  will  then  stand  thus  (from  Table 
XXII.) : 

Draft  of  water 15 


Area  of  SS  section 465  Volume  of  entrance 12,787.5 

Length  of  entrance 50  "       "run 13,950 

"        "  run 50  Volume  of  middle  body 

"middle  body    100         (immersed) 46,500 

73,237.5 

Originally  stated 75,000 

Deficiency 1,763 

Tliis  deficiency  can  be  made  up  by  making  the  bow  and  stem  a 
trifle  more  full. 

The  architect  can  now  determine  the  minimum  height  of  the  out^ 
of-water  body.  Tliis  must  be  at  least  4  feet,  and  as  he  knows  that 
the  block  just  sketched  out  is  more  than  enough  to  give  the  capacity 
of  the  original  parallelogram,  3  feet  by  6400,  he  is  certain  that  the 
vessel  will  not  only  carry  the  weight  at  the  speed  required  on  the 
draft  of  water  wanted,  but  that  she  will  also  have  room  to  stow  the 
cargo  under  hatches. 

The  next  point  is  to  sec  whether,  under  these  circumstances, 
the  "  shoulder"  obtained  possesses  adequate  ability  to  carry  the  sail 
area  of  such  a  ship,  supposing  her  to  be  required  to  be  propelled  at 
ten  (10)  knots  in  a  fresh  breeze  by  the  ordinary  area  of  sail.  This 
question  requires  that  he  should  value  approximately  the  strength 
of  the  "shoulder."     This  is  also  done  by  the  use  of  Table  XXII. 

Having  settled  that  the  quantity  of  shoulder  under  these  dimen- 
sions will  carry  the  required  area  of  sail,  he  can  next  choose  that  form 
of  midship  section  which,  on  the  whole,  he  conceives  to  be  best  suited 
to  make  the  vessel  easy,  comfortable  and  seaworthy  in  the  particu- 
lar service  on  which  she  is  to  be  engaged.  For  this  purpose  it  must 
be  remembered  that  she  may  not  always  be  deeply  ladened,  but  may 
sometimes  be  light  and  iu  ballast.     Elsewhere  it  lias  been  said  that 
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a  dry  and  easy-going  sea  vessel  should  have  a  little  flare  out,  a  circular 
or  vertical  line  at  the  water's  edge ;  and  if  she  were  always  at  one 
draft  of  water,  it  might  be  easy  to  give  a  perfect  construction  for  a 
single  part  of  that  draft.  Eememberbg,  however,  that  this  vessel 
may  go  to  sea  light,  and  that  her  light  water-line  may  probably  be 
12  feet  instead  of  15,  the  architect  should  construct  her  on  a  12-feet 
draft  with  her  widest  part  at  thai  draft,  and  allow  the  "tumble- 
home"  to  commence  from  that  point  upward.  This  would  go  fai-thest 
to  prevent  the  flare-out  of  any  portion  of  the  hull  where  such  over- 
hang would  be  sure  to  oppose  resistance  to  the  waves  and  cause 
uneasy  movements. 

The  architect  has  to  choose,  then,  a  form  of  midship  section  having 
exactly  an  area  of  465  square  feet  immersed. 

The  section  provisionally  chosen  (fig.  7)  is  wall-sided,  dead  flat  on  the 
floor,  and  has  two  circulai-  bilges.  If  the  vessel  is  to  take  the  ground, 
this  form  cannot  he  bettered;  and  as  she  is  limited  to  draft  of  water, 
she  cannot  dispense  with  any  of  the  fuUnessof  this  midship  section; 
therefore  the  question  really  is.  Shall  the  architect  slightly  increase 
the  beam  in  order  slightly  to  increase  the  fineness  of  the  bottom? 
The  answer  to  this  is,  that  beyond  a  few  inches  to  give  curvature  to 
the  side  and  reconcile  the  round  bilge  to  the  tumble-home,  the  mid- 
ship section  in  this  case  should  not  be  altered,  and  what  is  thus  put 
at  the  light  water-line  should  be  taken  ofi'the  bilge,  and  no  more. 

But  suppose  that  the  sails  are  to  play  a  more  important  part  in 
this  vessel,  and  the  machinery  a  less  important  part — it  may  then  be 
expedient  to  ask.  What  change  should  be  made?  The  answer  is. 
Very  little,  unless  the  draft  of  water  can  be  increased;  for  if  that 
can  be  done,  finer  bilges,  or  rise  of  floor,  should  be  substituted,  so  as 
to  make  the  bottom  sharper  and  get  more  hold  of  water,  thus  pre- 
venting leewardliness.  Having  done  this,  the  inquiry  should  be  re- 
peated, Whether,  under  the  present  beam,  the  vessel  would  have 
power  of  "  shoulder"  sufficient  to  stand  up  stiffly  under  her  standard 
sail  area  ? 

The  following  is  the  investigation  of  her  power  of  "shoulder"  or 
stability.  The  volume  of  shoulder  approximaiely  at  the  standard 
inclination  of  14°  2'  is  614,672  lbs.,  and  the  centre  of  gravity  of 
the  shoulder  from  the  middle  line  would  be  about  9  feet.  Hence 
the  momeiU  of  the  shoulder  (see  Table  XSII.)  is  5,532,048  feet. 
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This  is  the  power  of  the  •'shoulder"  to  carry,  and  the  Bail  area 
must  nest  be  considered.  For  that  purpose  turn  to  Chapter  XIX., 
on  sail  area.  There  it  is  found  that  the  standard  sail  area  should 
be  six  times  the  longitudinal  area,  or  18,000  square  feet;  this,  at  1  lb. 
per  square  foot,  gives  a  pressure  of  18,000  lbs.,  and  as  the  power  of 
the  shoulder  is  known,  the  architect  has  the  following  calculation : 

In  Chapter  XIX.,  Table  XI.,  the  height  of  the  centre  of  effort  ia 
found  to  be  equal  to  1.412  X  «,  in  which  a  is  equal  to  half  the 
length  of  the  mainyard  or  the  height  of  the  main-course.  To  find  the 
length  of  the  mainyard  consult  Table  XII.  A  length  of  70  feet 
there  corresponds  to  a  sail  area  of  17,818  square  feet,  which  is  near 
enough  for  the  purpose.  Hence  the  height  of  the  centime  of  effort  is 
equal  to  1.412  X  35  ^^  49.42  feet ;  this  means  the  height  above  the 
bottom  of  the  sail ;  therefore,  adding  about  10  feet  to  this  to  clear  the 
bulwarks,  the  architect  has  for  the  height  of  the  centre  of  effort  above 
the  water-line  59.42  feet.  This  quantity,  multiplied  by  the  cosine  of 
the  angle  of  inclination,  or  .9701,  will  give  tho  actual  leverage  of 
the  sails. 

The  result  is,  therefore,  59.42  X  .9701  =_  57.63  feet,  and  for  the 

Moment  of  sails 18,000  X  57.03  =  1,037,340 

Moment  of  "shoulder" =  5,532,048 

Difference 4,494,708 

This  difference,  divided  by  the  forces  which  have  been  considered — 
viz.,  "shoulder"  and  sails — gives  a  measure  of  stability  of  7  feet; 
and  be  it  remembered  tliat  the  shoulder  has  been  taken  at  its  mini- 
mum, because  if  "the  lines"  were  got  out,  this  power  of  shoulder 
would  greatly  increase  in  the  after  body ;  and  moreover  tliere  is  a 
parallel  body  of  100  feet,  which  also  adds  greatly  to  the  power  of  the 
"shoulder."  I^eaving  for  the  present  the  centre  of  gi'avity  of  the 
weights  out  of  the  question,  there  is  another  and  greater  power  coun- 
teracting the  power  of  the  "  shoulder" — namely,  the  bottom  buoyancy. 

The  bottom  buoyancy  is  equal  to  the  displacement  miiMH  the  volume 
of  the  "shoulder,"  or  4,612,800  —  614,672  =  3,998,128  lbs. 

The  architect  maj  presume  without  great  inaccuracy  that  the 
centre  of  bottom  buoyancy  is  situated  about  8  feet  below  the  load 
wat^r-Iine ;  this,  multiplied  by  the  mie  of  the  angle  of  inclination, 
or  .2425,  gives  for 
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The  moment  of  bottom  buoyancy 7,756,368 

Subtracting  the  difference  before  found 4,494,708 

Leaves  a  surplus  of  instability  of, 3,261,GG0 

or  a  measure  of  instability  of  .7,  or  nearly  9  inches. 

This  measure  is  what  has  throughout  been  called  "the  measure  of 
stability  of  form,"  and  it  will  therefore  be  seen  that  if  the  centre 
of  all  the  weights  on  board  were  to  fall  in  the  load-water  line, 
this  ship,  under  the  above  pressure,  would  capsize.  But  let  the 
architect  examine  a  little  farther  and  see  whether  he  may  fairly  take 
that  centre  as  a  rough  approximation.  The  vessel  would  be  at  least 
20  feet  in  depth  (not  draft) ;  may  he  not  then  fairly  suppose  that  the 
centre  of  concentrated  weight  would  at  its  maximum  height  from  the 
bottom  be  situated  at  half  that  depth,  or  ten  feet  ?  And  if  so,  he  will 
have  a  righting  moment  of  11,186,040  lbs.,  and  therefore  a  mr- 
pbts  moment  of  stability  of  7,924,380,  or  a  measure  of  stability  of 
nearly  2  feet,  -which  would  give  a  metarcentrie  height  of  8  feet  above 
the  centre  of  gravity  of  the  vessel,  or  a  height  of  11  feet  above  the 
centre  of  buoyancy  (i.  e.,  centre  of  gravity  of  displacement),  which  is 
more  than  is  necessary  in  such  a  merchant  vessel. 

The  question  of  the  position  of  the  centre  of  weight  is  a  practical  one 
of  very  great  importance.  The  commander  of  the  ship,  and  not  the 
constructor,  has  it  in  his  power  to  shift  this  as  he  pleases :  if,  there- 
fore, he  stows  his  Hght  goods  below  and  his  heavy  goods  above,  and 
finds  bis  ship  unstable,  it  is  his  fault  and  not  the  constructor's ;  but 
if  he  stows  the  heavy  goods  below  and  the  light  ones  above,  so  as 
to  get  the  centre  of  gravity  well  down,  he  will  find  his  ship  stable. 

He  can  by  this  calculation  see  that  if  his  vessel  is  empty  the 
centre  of  the  weight  will  be  situated  above  the  water-line,  thereby 
tending  to  capsize  the  ship.  To  know  how  much  ballast  must  be 
put  in  under  these  circumstances,  commence  by  supposing  the  vessel 
when  light  to  draw  10  feet  of  water,  the  displacement  will  then 
have  been  decreased  by  1,536,000  lbs.,  or  the  remaining  part  will 
be  equal  to  3,076,800  lbs. 

Let  it  also  be  supposed  that  the  volume  of  the  "shoulder"  has  re- 
mained the  same,  which  may  feirly  be  done,  having  kept  the  greatest 
breadth  at  the  light-line ;  there  results  the  following : 
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Moment  of  bottom  buoyancy 3,274,463 

"  sails 1,037,340 

4,311,&0S 

Moment  of  "shoulder" 5,532,048 

Surplus  in  favor  of  stability 1,220,245 

Hence  it  will  be  seen  that,  with  the  section  chosen,  the  vessel 
when  light  will  still  have  stability;  which  may  seem  remarkable, 
out  is  yet  a  fact.  But  if  she  draws  12  feet  of  water,  she  will  need 
140  tons  of  lading  or  hallast  to  make  her  stable.  It  is  the  form  of 
midship  section  which  rules  this;  and  by  studying  it  out  after  the 
manner  given  in  Chapter  XI.,  fig.  5,  Table  VI.,  and  Chapter  XIII., 
figs.  7  and  15,  it  will  clearly  be  seen  that  some  forms  of  midship  sec- 
tion, when  light,  will  have  very  great  stability ;  whereas  when  down 
in  the  water  they  will  require  ballast  or  bottom  weight  to  make  them  . 
stable.  Under  the  supposition  that  the  vessel  would  draw  12  feet  of 
water,  the  aame  calculation  as  above  would  be  necessary,  and  a  dif- 
ference, in  fevor  of  instability  would  be  found;  this  divided  by  the 
sum  of  the  forces,  and  that  quotient  again  divided  by  2240,  would 
give  the  quantity  of  tons  of  ballast  required.  By  putting  this  ballast 
in,  of  course  the  vessel  would  sink  about  a  foot  or  so  deeper  Ln  the 
watei',  and  thereby  increase  the  bottom  buoyancy  ;  hut,  on  the  other 
hand,  the  centre  of  gravity  also  lowers  1  foot  more,  as  originally 
supposed,  and  tliereby  neutralizes  the  eiieet  of  the  increased  bottom 
buoyancy.  The  summary  is,  that  the  ship  has  ample  power  to  carry 
her  sail,  provided  that,  when  laden,  the  centre  of  all  the  weights  be 
at  least  3  feet  below  the  water-line,  and  that,  when  light,  the  centre 
of  her  weight  be  lowered  by  140  tons  ballast  on  board,  in  case  the 
draft  is  only  12  feet  of  water. 

The  next  question  is  the  power  requisite  to  drive  her?  This  de- 
pends on  the  resistance  of  the  shape  to  the  water;  and  for  the  calcu- 
lation of  that,  there  is  the  following  data  :  Tlie  fullness  of  tiic  bow  ia 
represented  by  the  co-efeoienC  .25.  At  10  knots,  by  Table  XVII., 
page  161,  the  resistance  is  285  lbs.  to  the  square  foot,  or  i|^  X  465 
for  the  whole  immersed  K,  or  33,131.25  lbs.  This  in  horse-power* 
is  ^-£  ^  2.19  indicated  horse-power  per  square  foot  of  midship  sec- 
tion, or  1018.2  for  the  whole.     But  the  ship's  skin  consists  of  nearly 

*  Oue  horse-power  will  lift  33,000  lbs.  one  foot  high  in  I  minute  of  time. 
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60  feet  periphery  of  middle  body,  by  100  feet  length ;  and  the  skin 
of  the  after  and  fore  bodies  tflgether  amounts  fo  4368,  according  to 
the  formula  mentioned  at  the  end  of  Chapter  X5III.,  Table  XXII. 
For  the  skin,  therefore,  alone,  there  is  required  an  additional  horse- 
power of  330.6,  and  hence  the  whole  horse-power  required  for  the 
propulsion  of  the  ship  will  be  1018.2  +  330.6  =  1348.8  indicated 
horse-power.  The  next  question  is.  Can  such  a  ship  be  propelled  by 
engines  and  boilers  weighing  not  more  than  150  tons,  at  the  speed  re- 
quired by  the  owner  ?  If  the  engines  are  180  nominal  horse-power,* 
they  may  be  aasuined  able  to  work  up  to  six  times  this  power,  or 
1080  indicated  horse-power;  and  it  is  plain,  then,  that  these  engines 
cannot  drive  the  ship  when  laden  at  ten  knots  the  hour,  but  only  at 
nine  knots ;  though  when  she  is  light,  or  at  12  feet  draft,  they  will 
drive  her  at  greater  speed.  But  the  architect  has  still  to  provide 
for  the  loss  by  the  screw  and  slip,  as  well  as  the  percentage  of  work- 
ing power  consumed  by  the  engines  themselves,  and  these  will  require 
an  addition,  say,  of  one-Jifth  to  the  engine  pow  er.  JIaking  that  allow- 
ance, there  results  ior  the  power  required  to  drive  the  vessel  at  the 
given  speed — 

Loaded 1618.6  indicated  horse-power. 

Light 1296. 

It  is  quite  plain  that  the  conditions  required  by  the  owner  are  not 
fulfilled,  and  the  question  may  be  asked,  "Will  he  prefer  to  take  her 
as  she  is,  relying  on  the  sails  to  --upply  the  deficient  power,  or  will 
he  insist  on  the  speed  required  at  the  outset?  If  he  is  content  with 
her  as  she  is,  all  that  the  deaigner  will  have  to  do  is  to  frame  the 
best  design  he  can  to  combine  the  working  of  the  steam  and  sails 
together.  But  if  not,  the  architect  must  go  to  a  larger  size  of  ship; 
in  short,  he  must  lengthen  the  ship. 

Suppose,  then,  that  he  proceeds  to  do  this,  so  as  to  make  the  vessel 
completely  fulfill  the  intentions  of  the  owner.  This  may  be  called 
the  revised  or  corrected  desn^n. 

The  only  means  he  has  now  of  increasing  the  speed  without  in- 

•  The  nominal  hotae-power  of  a.  veaaal  ia  obtained  by  tlia  formula— 
jj  p  _  Area  of  cylinder  X  effective  preaaure  X  speed  of  piston. 
33,000 
The  effective  preaanre  being  taken  aX  from  7  to  1\  Iba.  per  sijuarB  inch,  and  the  speed 
of  the  piitOQ  being  aaaumed  arbitrarily  according  to  the  length  of  stroke. 
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creasiDg  the  area  of  midship  section  is  to  add  to  the  length  of  the 
entrance  lo  a  speed  ot  10  knots,  or  11,52  statute  miles,  per  hour 
belong--  in  Lntrince  of  about  bO  feet  Add  then  to  that  20  feet,  and 
shorten  the  parMlel  body  ti>  90  feet,  which  will  make  the  whole 
length  of  entitnce  which  was  theoretically  60  and  practically  50, 
now  theoretlLall^  90  and  piactically  80,  and  yet  Uie  same  displace- 
ment nearly  as  before — viz  2120  tons — is  retained ;  but  it  will  also 
be  found  that  the  re^istanctj  due  to  this  displacement  is  reduced 
from  IS  to  -^  (Tible  XIX.),  or  nearly  one-third.  Instead,  there- 
fore, of  requiring  1018  horse-power  to  do  10  knots  an  hour,  there  ia 
now  required  only  515  horse-power.  Adding  to  this  the  additional 
skin  resistaucp  of  18.2  (besides  330.6)  there  is  now  a  total  required 
horse-power  of  864  (indicated),  and  adding  to  this  one-fifth  for  use 
of  engine  and  propeller,  etc.,  1037  hors6-power;  so  that  now  the 
vessel  can  comfortably  perform  under  her  engines  the  speed  required. 
Of  course  the  ship  is  more  expensive  to  build,  and  the  hull  will  weigh 
a  little  more ;  but  if  speed  be  of  great  value  to  the  owner,  the  extra 
cost  will  be  in  the  end  profitable. 

The  final  dimensions  of  the  ship  now  are— length,  220  feet ;  breadth, 
32  feet ;  depth,  20  feet. 

There  are  two  calculations  yet  unperformed.  One  is.  How  much 
fuel  the  vessel  will  consume,  and  whether  the  quantity  of  coal  which 
has  been  assumed  to  do  the  required  work  will  really  perform  it  in 
ordinary  states  of  the  weather  and  sea  ? 

Thft  other  point  which  remains  unsolved  is  the  position  of  all  the 
weights  in  the  ship,  and  their  action  on  the  balance  and  trim  of  the 
ship ;  whether  these  be  weights  of  engines,  of  boilers,  of  equipment, 
of  fuel,  of  cargo,  or  of  ballast,  in  both  conditions  of  heavy  lading 
and  extreme  light  drail. 

These  are  points  on  which,  at  this  stage  of  the  matter,  the  Baval 
architect  can  have  no  accurate  knowledge;  he  must  go  into  the 
second  part  of  the  work  and  ascertain  what  is  the  dead  weight  of  * 
the  hull  of  the  ship,  and  how  on  that  hull  the  weight  of  iron  or  of 
wood  is  distribute ;  whether  how  and  stern  are  equally  heavy  or 
proportioned  in  weight  to  their  respective  displacements ;  so  that  the 
centre  of  gravity  is  either  in  the  middle  or  out  of  the  middle  of  the 
ship.  This  found,  he  must  then  take  care  to  place  the  weight  of  the 
engines  and  boilers  so  far  abaft  the  middle  that  the  ship  when  light 
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shall  be  well  doivu  abaft,  instead  of  by  the  head ;  and  he  may  then 
so  distribute  the  stock  of  fuel  that  when  full  of  coal  the  ship  shall 
be  working  on  an  even  keel,  and  not  draw  more  than  the  15  feet  of 
watfir  which  is  her  limit;  so  that  as  she  lightens  of  coal  she  shall 
gradually  rise  higher  out  of  the  water  at  the  how  than  at  the  stern ; 
in  order  that  when  all  the  fuel  has  gone  she  may  still  be  in  good 
sailing  or  working  trim.  But  for  this  he  must  go  into  the  subject  of 
practical  eonstrtteiion  and  practical  disposition  of  materials  in  the  ship. 

(3  V  32\ 
1  = 
5      / 
200.8  feet;  hence  the  tonnage  by  B.  M.  ^  200.8  X  32  X  16  -^  94  = 
1093.7  tons. 
The  vessel  has  an  actual  middle  body  of  80  feet 
Treating  this  part  by  itself  as  regards  capacity,  and  acting  with 
the  remaining  140  feet  as  would  be  done  with  a  sjiip  without  any 
middle  body,  there  results — 

For  the  external  capacity  =  140  X  32  X  20  X  0.7  -4- 100  =    627.2 

"  "         of  middle  body  =  625  X  80  h-  100 =    500 

Total 1127.2 

For  the  gross  internal  capacity  the  constructor  has  90,000  cubic 
feet,  or  900  tons,  according  t<i  Chapter  V„  p.  34.  From  this  he  must 
deduct  about  20  per  cent,  for  equipment,  etc.,  to  get  the  cargo  space 
equal  to  72,000  cubic  feet  Further,  the  space  occupied  between  the 
engine-room  bulkheads  is,  let  it  be  supposed,  40  feet;  mean  breadth, 
say  28  feet,  including  coal-bunkers ;  and  the  mean  depth  18  feet.  The 
capacity  of  the  engine-room  is  then  ^=  40  X  28  X  18  ^  20,160  cubic 
feet,  or  201.6  tons;  the  register  tonnage,  therefore,  would  be  equal  to 
72,000  ^  20,160  =  51,840  ^  518.4  tons,  the  ton  taken  at  100  cubic 
feet.  This,  taken  at  50  cubic  feet  per  ton,  would  give  the  quantity 
of  cargo  which  could  be  carried,  1036.8.  It  is  further  to  be  observed 
that  the  vessel  must  carry  fuel  for  at  least  8  d^s,  her  supply  being 
reckoned  at  1.5  cwt.  per  mile,  and  her  speed  to  be  10  knots,  or  11.52 
statute  miles  per  hour.  The  quantity  of  coal  sha  must  carry  will 
therefore  be  equal  to  0.075  X  11.52  X  24  X  8  r=  165.89  tons,  and 
this  is  more  than  is  generally  allowed.  Taking  the  average  consump- 
tion of  bituminous  coals  of  48  vessels,  whose  nmninal  horse-power 
varies  from  100  to  450,  it  is  found  to  be  10.5  lbs.  per  nominal  horse- 
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power  per  hour.     This  would  give,  for  eight  days,  135  tons.     Ample 

allowance  has  theiefure  been  made. 

These  165  tons  must  be  stowed  in  side-bunkers,  and  therefore  do 

not  take  a«ay  from  the  cargo  space. 

The  constructor  has,  therefore,  the  following  summary : 

Length  of  ship  220  feet. 

Length  of  keel  for  tonnage 220.8  " 

Breadth  extreme 32     " 

Depth  at  the  side 20     " 

Draft  of  water 1.5     " 

Tonnage,  builder's  measurement 1093.7  tons.* 

Gross  register  tonnage  (100  cubic  feet  to  1  ton),     900        " 

Tonnage  of  engine-room  (length  40  feet) 201.6     " 

Net  register  tonnage 698.4     " 

Area  of  immersed  midship  section 465    sq.  feet 

Area  of  midship  section  up  to  deck 625        " 

Weights. 

Ship's  hull 437.48  =  0.4  X  builder's  tonnage. 

Masts,  spars,  anchors,  boats, 

etc 109.37  ^  0.1  X 

Engines  and  boilers 150 

Cargo 1036  =  50  cubic  feet  per  ton. 

Coals 165  =  48 

Equipment  and  sea  stores 150 

Provisions  and  water 50 

Total 2097.85 

Displacement 2120      (35  cubic  feet  to  1  ton). 

•  The  foroinla  for  builder's  meaaurcmont  is— 

T^^l(l-~%b)  where 
94 
I  ia  the  length  from  forepart  of  Hem  to  after  part  of  poit; 
b  the  eitreme  breadtlv  aboTe  main-tcalet  j 
d  the  depth,  which,  tor  double-decked  Teasels,  Equals  half  the  beam. 
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"When  a  merchant  ship  is  spoken  of,  it  is  usual  to  say  a  vessel  of 
so  many  tons,  indicating  the  vessel's  capacity  and  the  weight  she  can 
carry ;  but  when  a  man-of-war  ia  spoken  of,  it  is  usual  to  designate 
her  by  the  number  of  guns  she  carries — meaning,  of  course,  her 
weight  of  metal. 

A  naval  architect  may  be  able  to  design  a  merchant  vessel  to  per- 
fection, and  yet  be  totally  unable  to  design  a  man-of-war.  Especially 
with  the  modern  ships  is  this  a  task  most  difficult;  they  carry  a 
quantity  of  heavy  iron  plates  in  such  a  position  that,  when  no 
especial  care  is  bestowed  upon  the  design,  the  vessel  must  prove  a 
perfect  failure.  In  a  merchant  vessel  the  weights  are  carried  below, 
while  in  a  man-of-war  they  are  nearly  all  carried  above  the  water- 
line. 

Suppose  a  man-of-war  is  to  be  designed  (see  Chap.  V.,  p.  35)  to 
cany  50  guns,  and  of  these,  36  upon  the  main  deck  and  14  on  the 
Bpar  deck,  the  latter  being  distributed  on  the  forecastle  and  quarter 
deck,  while  the  main-deck  guns  are  distributed  18  in  each  broadside. 
It  is  the  length  of  the  ship  that  is  mainly  affected  by  the  36  broad- 
side guns.  Experience  has  proved  that  the  lower  portsill  must  be  at 
least  9  feet  out  of  the  water ;  but  in  some  vessels  that  height  has 
been  inereasexl  to  10  and  even  to  11  feet.  Suppose  the  height  deter- 
mined to  be  10  feet  6  inches,  the  ports  to  be  3  feet  high,  and  a  space 
of  2  feet  kept  above  the  upper  portsill,  then  the  constructor  has 
already  a  height  out  of  water  of  10.5  feet  ~\-  S  -\-  2  ^15  feet  6 
inches. 

This  will  be  the  height  out  of  water  of  the  top  of  the  beam  of  the 
npper  deck  at  the  side  of  the  ship.     He  has,  therefore,  already  made 
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a  side  wall  for  the  vessel's  batterv  of  fay  16  feet  out  of  water,  Wow, 
whit  should  the  leigtk  of  this  "ide  wall  be?  In  former  days  the 
sp^ce  between  the  guns  was  seldom  more  tlnn  8  feet  The  distance 
ntwadays  on  acount  of  literal  tram  is  extenled  to  15  and  even 
18  te  t  *  but  ■*&  ume  l3  feet  as  a  di  tance  fism  centre  ts  centre. 
Tlie  constructor  his  therefore  for  the  length  to  be  oicup  Ld  !)y  his 
battery   18  \  15  =  270  feet 

Sujpj=e  fuither  that  the  speel  of  the  ^e  sel  is  tt  le  13  knois. 
To  this  speed  belongs  a  length  of  hip  of  lOl  feet  or  i  length  of 
eiitiance  of  94  feet  and  i  length  of  tun  of  67  feet  f  Make  the 
length  of  the  ship  then  saj  300  feet  J  and  assume  the  beam  to  be 
52  teet  or  a  proportion  of  b  to  1  The  c  n'^tiuctor  has  thLU  the  fol- 
lowing preliminiry  dimensions 

Length  MO  teet 

Breadth  j2 

Height  of  1  «et  poit  ill  ab  ^e  loil  witer  line  10  ftet  6  inches. 
Next  comes  the  element  of  draft  4.  man  of  \iar  must  tlways  be 
supposed  in  a  loaded  coadition  or  lown  to  her  bad  i\ati,r  line,  that 
watei  line  being  the  one  on  which  she  has  got  to  da  th  wcrk.  The 
light  water-line  may,  therefore,  be  left  out  ot  the  q^uestion.  Now,  if 
this  man-of-war  were  to  be  of  bos  form  or  of  rectangular  shape,  with 
square  bilges.  Table  V.  would  give  the  critical  proportions  of  draft 
to  breadth,  for  by  that  table  it  is  seen  that  to  a  beam  of  54  feet 
belongs  a  critical  draft  of  22  feet,  and  that  such  a  form  would  not  be 
able  to  carry  top  weight.  The  adopted  beam  is,  however,  52  feet, 
and  therefore  the  constructor  may  safely  assume  a  draft  of  22  feet, 
especially  as  he  intends  probably  to  give  rise  of  floor  to  the  midship 
section.  Suppose,  further,  that  the  co-efficieut  of  fineness  of  the 
midship  section  is  0.8;  the  area  of  the  midship  section  will  then  be 
22  X  52  X  -8  —  915.2  square  feet.  Now  js  the  time  for  the  designer 
to  see  in  how  far  he  can  adopt  fine  lines  and  still  have  displacement 
enough  to  carry  the  weight  required. 

For  a  speed  of  13  knots  it  was  seen  that  a  length  of  entrance  and 
run  was  needed  of  161  feet,  which,  subtracted  from  300  feet,  leaves 

»  For  Xl-inoh  goo  on  iron  oarriage,  18  feet. 

t  Supposing  that  ebe  is  deBigned  aooording  to  tlia  "Wave"  system.      (See  Table 
XVL,  p.  160.) 
J  Ej  the  addition  of  middle  body. 
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a  length  of  middle  body  of  139  feet.     Hence  the  constructor  has  for 
the  displacement  (Table  XXII.)— 

Middle  body 127,212.8 

The  ends 87,840.0 

Total 215,052.8 

But  the  constructor  ne«ds  6300  X  35  =  220,500  cubic  feet.  He 
has,  therefore,  220,500.—  215,052.8  =  5447.2  cubic  feet,  or  155.6 
tons  too  little. 

To  make  this  up,  the  midship  section  may  be  made  fuller  iv-ithout 
damage — say  950  square  feet  nearly.  The  displacement  is  thus 
increased  to  224,000  cubic  feet — more  than  enough;  and  then,  taking 
the  fraction  of  0.6  for  the  fineness  of  the  ends,  the  constructor  has 
the  following : 

Leugtb  on  load  water-line 300 

"        of  entrance 94 

of  run 67 

"        of  straight  middle  body 139 

Beam 52 

Draft  of  water 22 

Depth  at  the  side 42 

Area  of  immersed  midship  section  =  22  X  52  X  -83  =  949.52 
square  feet. 
Displacement  of  middle  body,  131,983  cubic  feet,  or  3771  tons. 
Displacement  of  fore  and  after  bodies  together,  91,770  cubic  feet, 
or  2622  tons,  or— 

131,983.  =3771 

91,770  =2622 

Total :...  223,753  =6393 

Required 220,500  =6300 

Surplus 3,253  =      93 

This  surplus  might  easily  be  rectified  by  making  the  lines  finer,  or, 
in  other  words,  by  taking  a  little  away  from  the  middle  body  and 
making  longer  ends.  But  the  constructor  may  be  satisfied  that,  with 
the  given  dimensions  and  proportions,  the  ship  will  carry  her  weights. 
Now  comes  the  question  of  stability,  for  which  (see  Table  XXII.) 
he  obtains  the  following ; 
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Volume  of  shoulder  of  the  ends  =  0.1875  X  6  X  L  X  e  + 
0.3927  X  b'  X  c,  wherein  6  =  26,  L  =  161,  and  c  =  13 ; 
hence — 

Volume  of  shoulder  of  the  ends  =  0.1875  X  26  X  161  X  13  + 
0.3927  X  676  X  13,  or  =  10203.375  +  3451.0476=  13,651.4226 
cubic  feet. 
Volume  of  shoulder  for  middle  hody  —  26  X  6.5  X  139  =  23,491 

cubic  feet. 
Volume  of  whole  shoulder  —  13,654.4226  +  23,491  =  37,145.4226 

cubic  feet. 
Or,    in  lbs.,    the   volume  of  shoulder  is  ~  37,145.4226  X  64  = 

2,377,307.0464. 
Volume    of    bottom    buoyancy    —    223,753   —    37,145.4226    ~ 

186,607.5774  cubic  feet. 
Volume  of  bottom  buoyancy  in  lbs.  ~  186,607.5774   X   64  = 

11,942,884.9536. 
Centre  of  gravity  of  shoulder  from  middle  (ends)  —  .56  X  b- 
Centre  of  gravity   of  shoulder    from    middle    (middle    body)   = 

.666  X  &  =  3  6. 
Moment    of  shoulder    of   the    ends  =  13,654.4226   X  14.56  = 

198,808.393056  cubic  feet  X  64. 
Or,  in  foot  lbs.  =  12,723,737.155584. 
Moment  of  shoulder  of  the  middle  body  =  23,491   X   17.33  = 

407,099.03. 
Or,  in  foot  lbs.,  26,054,337.92;  hence— 
Moment  of  whole  shoulder  =  38,778,075.075584  foot  lbs. 
Moment  of  bottom  buoyancy  =  11,942,884.9536   XH  X -2425  =^ 

31,857,645.6137  foot  lbs. 
Moment  of  stability  of  form  =  6,920,429.4618  foot  lbs. 
Measure  of  stability  of  form  =  0.4832  feet 

And  we  have  therefore — 
Height  of  the  meta-centre  above  load-water  line  =  '- — '—    —  1.992 
feet. 

Taking  approximately  the  centre  of  displacement  as  10  feet  below 
the  load  water-line,  the  interval  of  11.992,  or  nearly  12  feet,  is 
obtained.  This  may  seem  small,  but  it  must  be  considered  that  the 
power  of  the  shoulder  is  taken  at  its  minimum,  and,  in  reality,  may 
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be  increased  from  25  to  50  per  cent.,  while  the  bottom  buoyancy  is 
maintained. 

The  next  point  is  to  see  the  effect  the  ivei^Ms  will  have. 

The  guns  are  to  weigh,  say,  500  tons,  and  the  centi-e  of  gravity  of 
this  weight  is  to  be,  say,  13.5  feet  above  the  load  water-line.  The 
centre  of  gravity  of  the  hull  alone  may  be  supposed  to  be  in  the  load 
water-line,  which  should  be  the  case  in  men-of-war,  their  hulls  gener- 
ally being  as  much  out  of  water  as  in  it  Further,  suppose  the  centre 
of  weight  of  the  engines,  boilers,  coals,  etc.,  to  be  situated  at  half  the 
draft,  or  11  feetbdow  the  water-line.  To  find,  therefore,  the  common 
centre  of  gravity,  or  the  centre  of  all  the  weights,  the 

Monientofguns =500  X  13.5^     6750 

"      of  masts,  spars,  etc =  155  X  80    =12,400 

Considering  tlicse  moments  as  negative,  their  sum  is  19,150  foot 

tons ;  then-— 

Momentofhull =i  3000  X    0       r<.otton>. 

of  engines,  boQers,  etc....  =  1000  X  H  =  11,000 

of  coals =1000X11=11,000 

of  sundries =    738X10=    7,380 

Considering  these  last  as  positive,'  their  sum  is  29,380 ;  deducting 

from  this  the  negative  moments,  there  remains  29,380  —  19,150  ^ 

10,230  foot  tons,  and  this  divided  by  the  sum  of  ali  the  weights  gives 

10  230 
the  place  of  the  common  centre  of  gravity  as      '  ■     =  1.6  feet  below 

the  load  water-line. 

The  distance  of  the  centre  of  all  the  weights  from  the  meta-centre 
^vill,  therefore,  be  equal  to  1.992  +  1.6  =  3.592  feet.  The  moment 
of  stability  with  weight,  at  an  angle  of  14°  2',  is  therefore  3.592  X 
6393  X  0.2425,  or  5568.4  foot  tons. 

The  nest  point  is  to  determine  tlie  sail  area.     In  merchant  ships  , 
six  times  the  longitudinal  area  is  taken ;  in  sailing  yachts,  six  to 
twelve  times  that  area ;  but  in  men-of-war,  from  six  to  four  times  the 
area  ia  usual — the  old  frigates  having,  generally,  but  four  times  the 
area  of  immersed  longitudinal  section, 

Assume  the  sail  area  to  be  five  times  the  longitudinal  area,  or  5  X 
300  X  22  —  33,000  square  feet  of  canvas,  or  taking  the  proportion 
of  36  square  feet  of  canvas  to  every  square  foot  of  midship  section. 
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the  sail  area  would  be  34,182  square  feet ;  and  this  larger  quantity- 
is  better,  and  will  give  a  length  of  main-yard  of  about  96  feet — 
hence  88  feet  is  the  height  of  the  centre  of  eflfort  above  tlie  water- 
Supposing  the  pressure  on  the  sails  to  be  equal  to  1  lb.  to  the 
square  foot,  it  results,  that  there  is  34,182  lbs.  acting  with  a  leverage 
of  88  square  feet ;  but  since  the  yessel  has  careened  14°  2',  the  cosine 
of  this  angle  must  be  introduced  as  a  factor.  This  gives  1291.26  foot 
tons  as  the  upsetting  moment  due  to  the  sails.  Now  the  moment  of 
stability  with  weight  being  5568.4  foot  tons,  it  is  seen  that  there  is 
surplus  stability  sufficient  to  bear  a  pressure  of  4J  lbs.  instead  of  1 
lb.  on  each  foot  of  standard  sail  area;  which  is  a  margin  -more  thau 
sufBcient 

The  sail  area,  therefore,  might  be,  if  necessary,  much  increased, 
the  ship  having  ample  stability. 

The  next  question  is,  whether  tie  engines  will  drive  the  ship  13 
knots  per  hour?  For  this  purpose  the  constructor  must  see  what 
head  resistance  is  to  be  overcome. 

By  Table  XVII.  it  will  be  seen  tliat  to  a  speed  of  13  knots  belongs 
a  head  resistance  of  482  lbs.  to  every  square  foot  of  midship  section. 
The  length  of  bow  gives  for  a  diminished  fraction  ^  ^  ,306.  The 
constructor,  therefore,  has  for  head  resistance  949.52  X  -306  X  482 
=  140,046  lbs. 

Horse-power  necessary  to  overcome  the  above,  equal  to  19.2  X  -306 
X  949.52  —  5578.62  indicated  horse-power. 

For  the  wet  surface,  the  following  is  a  near  approximation : 
Periphery  of  midship  section...  80  feet. 

Skin  of  middle  body 80  X    139.0    ^11,120  square  feet. 

Skinofforeandafier  bodies...  80X161  X-o=   6,440     " 

Total =17,560     " 

or,  at  1  lb.,  equal  to  17,560  lbs. 

Iforse-powcr  necessary  to  overcome  the  last-named  element  of 
resistance  is 

- '     -  X  19.25  =  701.28  indicated  horse-power.     The  total  power 

-required  is,  therefore,  5578.62  +  701.28  =  6279.90. 

Supposing  the  engines  to  have  worked  up  to  five  times  their  nomi- 
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nal  power,  this  nominal  power  would  be  equal  to  1255,98  horse- 
power ;  and  to  this  must  be  added  one-fifth  for  slip,  and  the  power 
eonswmed  by  the  engines  themselves,  and  the  constructor  finally  gets  for 
the  power  required  to  do  the  work,  1507.17  nominal,  or  7535.85  in- 
dicated horse-power. 

Hence  there  is  for  the  man-of-war  in  question  the  following  prin- 
cipal dimensions : 

Length  on  load  water-line 300  feet. 

"       of  entrance 94    " 

"      ofrnn 67    " 

"      of  middle  body 139    " 

Breadth,  extreme. 52    " 

Depth  at  side 42    " 

Draft  of  water ■. 22    " 

Tonnage,  builder's 3866  tons. 

6393    " 


Area  of  immersed  midship  section 949  sq.  ft. 

Distance  between  the  ports 15  feet. 

Height  of  lower  port-sill  above  load  water-line..  10  ft.  6  in. 

Kumber  of  guns 50 

Indicated  horse-power  required 7535.85 

From  whicli  data,  taken  in  connection  with  that  on  page  35,  tho 
drawings  may  be  made. 
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Ant  commander  of  a  vessel  possessed  of  a  fair  amount  of  mathe- 
matical knowledge,  and  having  the  drawings  of  hia  ship,  can  ascertain 
for  himself  the  position  of  the  eenti-e  of  gravity  in  a  very  short  time. 
The  knowledge  of  this  position  is  matter  of  very  great  importance. 

The  following  is  a  rationale  of  the  process ; 


Let  ACD  (fig.  44)  represent  the  transverse  section  of  a  ship  through 
G,  the  common  centre  of  gravity  of  the  hull  and  every  article  on 
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board ;  WL  the  load  water-line  when  the  ship  is  floating  in  the  up- 
right position ;  CEGM  the  middle  line,  which  is  therefore  perpen- 
dicular to  WL,  and  also  contains  G  the  ecntre  of  gravity  of  the  ship  ; 
and  B  the  centre  of  buoyancy  (or  centre  of  gravity  of  displacement); 
let,  also,  P  represent  a  weight  or  weights  on  any  or  all  of  the  decks, 
Bueh  as  guns,  shot,  ballast,  etc.,  capable  of  being  readily  transported 
to  the  opposite  side  of  the  deck  or  decks.  If  the  weight  or  weights 
P  be  moved  aeross  the  decks  to  P',  the  ship  will  incline  through  an 
angle  WSW,  the  amplitude  of  which  will  depend,  cceteris  paribus, 
upon  the  weight  or  weights  moved,  and  the  distance  through  which 
they  have  been  moved. 

When  the  ship  has  taken  up  the  new  position  of  equilibrium,  the 
centre  of  buoyancy  will  have  moved  from  B  to  B',  and  the  centre  of 
gravity  from  G  to  G';  so  that  the  line  joining  B'  and  G'  irill  be 
vertical,  and  therefore  perpendicular  to  WL'  the  new  water-line, 
and  will  make  the  same  angle  BMB'  with  the  middle  line  BGM  as 
the  water-lines  do  with  each  other,  and  B'G'  produced  will  meet  the 
middle  line  in  a  point  M.  This  point,  in  ships  of  the  usual  form, 
may,  without  any  appreciable  error,  be  assumed  to  coincide  with  the 
meta-centre  when  the  inclination  does  not  exceed  4°  or  5°. 

From  a  general  and  well-known  property  of  the  tJentre  of  gravity 
of  a  system  of  bodies,  such  as  a  ship,  we  know  that  since  thp  weight 
or  weights  P  have  been  moved  in  a  horizontal  direction  to  P,  the 
centre  of  gravity  has  also  moved  in  the  same  direction ;  therefore 
GG',  the  line  joining  the  original,  and  the  new  centres  of  gravity,  will 
be  horizontal ;  and  from  another  property  of  the  centre  of  gravity 
we  have  that  the  weight  of  the  ship  X  GG'  ^  P  X  the  distance 
through  which  it  has  been  moved ;  or,  if  W  represent  the  total 
weight  of  the  ship,  and  e  the  distance  through  which  the  centre  of 
gravity  of  the  weight  or  weights  P  has  been  moved, 
W  X  GG'  =  P  c 

and  GG'  ^  ^ 

Now  by  trigonometry  GG'  =  GM  X  tangent  of  the  angle  be- 
tween the  middle  line  BGM  and  the  new  vertical  line  B'G'M;  i.  e., 
the  angle  of  the  ship's  inclination  from  the  upright;  or  representing 
the  angle  of  inclination  by  0, 

GG'  ^  GM  tan  c 
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Equating  the  two  values  of  GG'  thus  obtaiued, 

Vi- 

-    =  GM  tan  0 

W 

or  GM^^-^taiK?  (1) 

The  right-hand  member  of  this  equation  (1)  will  contain  all  knorni 
quantities  after  the  ship  has  been  mclined;  and  since  the  mefa-centre 
corresponding  to  any  draft  of  ivater  is  easily  obtained  by  calculation 
from  the  di-awinga  of  the  ship,  and  its  position  fixed,  the  distance 
GM  set  ofl"  below  it  will  give  the  position  of  the  centre  of  gravity  of 
the  ship. 

Should  the  inclination  obtained  by  the  movement  of  the  weights  on 
board  be  greater  than  4°  or  5°,  the  vertical  through  the  new  centre 
of  buoyancy  may  not  pass  through  the  meta-centre,  but.  through 
another  point  of  the  middle  line,  found  ip  the  following  manner: 

Through  B  draw  Bit  parallel  to  WSJ,  and  therefore  perpendicular 
to  B'  G' .  Let  A  represent  the  weight  of  the  water  displaced  by  either 
of  tlie  equal  wedges  WSW,  ISL'  of  which  the  centres  of  gravity  are 
g  and  g'  respectively.  From  g  and  g'  let  fall  the  perpendiculars  gh 
and  (fh'  upon  WL',  and  let  b  represent  the  distance  lih'.  The  pro- 
duet  6A  may  be  found  by  the  ordinary  methods  of  calculation,  and 
is,  in  fact,  the  first  part  of  the  expression  representing  the  moment 
of  stability  of  the  ship. 

Now,  by  the  general  property  of  the  centre  of  gravity  before  made 
use  of,  since  the  wedge  WSW  concentrated  in  g,  its  centre  of  gravity, 
has  been  moved  in  the  direction  WL',  through  a  distance  b  to  LSL' 
concentrated  in  g',  the  distance  BE  through  which  the  centre  of 

buoyancy  has  moved  in  the  same  direction  is  equal  to  — 


W 


But  by  trigonometry  BK  ;==  BM  sin  0 

=  GM  sin  (?  +  BG  sin  0 

Again,  GM  sin  0  =  -—  sin  (?  =  GG'  cos  (?  =  -  < 
tan  0  W 


_    6A_   Pc 
■■■   ^y  - 

6A  — P( 


.y-w ='^'' 


t2) 
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The  right-hand  side  of  this  equation  (2)  contains  all  knon-n  quan- 
tities after  the  experiments  have  been  made,  and  the  distance  BG 
thus  found,  set  off  above  the  centre  of  buoyancy  B,  will  determine  the 
position  of  the  centre  of  gravity  of  the  ship.  In  equations  (1)  and 
(2),  since  W  represents  the  displacement  of  the  ship,  calculated  to 
the  draft  of  water  taken  at  the  time  of  the  experiment,  the  gi'eatest 
possible  care  should  be  taken  to  obtain  the  correct  draft  of  water, 
and  also  to  obtain  a  close  approximation  to  the  cubic  contents  of  the 
pai-t  of  the  ship  immersed ;  any  errors  made  in  either  \vill  affect  the 
assigned  position  of  the  centre  of  gravity.  The  same  care  should 
also  be  taken  to  obtain  the  correct  positions  of  the  centre  of  buoy- 
ancy and  the  meta^centre,  since  these  points  are  taken  as  origins  from 
which  the  distances  to  the  centre  of  gravity,  as  above,  are  set  oiT. 

Again ;  P  being  the  sum  of  all  the  weights  moved,  and  which 
alone  is  assumed  to  have  caused  the  inclination,  all  weights  moyed 
should  be  accurately  known,  and  also  the  distance  e  measured  trans- 
versely, through  which  the  centre  of  gravity  of  the  same  has  moved 
in  a  horizontal  direction ;  and  every  precaution  should  be  taken  to 
prevent  the  motion  of  any  article  -which  cannot  be  thus  estimated. 
The  ship  should,  therefore,  be  pumped  out  dry,  coal  and  such  arti- 
cles prevented  from  shifting,  and  at  the  several  times  of  making  the 
observations  every  man  on  board  should  be  in  a  given  position. 
Finally,  the  angle  of  inclination  (S)  is  found  with  the  greatest  exact- 
ness In  the  following  manner: 

A  thick  board,  above  20  feet  long,  is  nailed  to  the  coamings  of 
the  main  hatchway  in  a  veitical  direction  when  the  ship  is  upright; 
and  on  its  lower  end  a  straight  batten  is  nailed  at  right  angles  to  the 
board,  or  horizontally  from  the  upper  part  of  the  batten,  A  distance 
of  20  feet  is  carefully  set  o£F  upward,  and  at  the  height  thus  obtained 
a  nail  is  driven  into  the  board,  and  to  it  is  attached  a  plumb-line, 
tlie  plummet  hanging  freely  at  some  distance  below  the  batten. 
When  the  vessel  is  upright,  and  the  experiment  about  to  be  com- 
menced, the  point  where  the  plumb-line  mtersects  the  upper  edge  of 
the  batten  is  carefully  marked ;  and  when  the  ship  has  attained  her 
new  position  of  equilibrium  bj  the  movement  of  the  weights,  tlie  new 
point  of  mtertection  ot  the  plumb-line  and  the  upper  edge  of  the 
batten  js  mirked  m  like  manner;  the  distance  in  feet  between  (be 
two  piunts  m-iiked  on  the  b  itten  divided  by  20,  will  clearly  give 
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the  tangent  of  the  angle  of  the  ship's  inclination.  In  all  the  experiments 
made  in  accordance  with  the  foregoing  there  ivere  two  (2)  plumb-boards 
nailed  to  the  hatchway — one  amidships,  and  the  other  about  midway 
between  it  and  one  of  the  extremities  of  the  ship.  The  two  boards, 
being  independent  of  each  other,  were  intended  to  serve  as  mutual 
checks,  and  also  to  point  out  any  rocking  of  the  ship  which  might  be 
occasioned  by  the  movement  of  the  weights  on  board.  It  was  ob- 
served that  the  plummet  was  nearly  always  in  a  state  of  vibration, 
and  therefore  it  was  considered  best  to  observe  the  extreme  positions 
of  the  plumb-line  on  the  upper  edge  of  the  batten  and  obtain  the 
mean  position  from  them. 

The  following  is  an  account  of  the  experiment,  as  tried  at  Ply- 
mouth upon  the  English  screw  ship-of-thtsline  "Conqueror."  On 
the  day  of  the  experiment  it  was  smooth,  with  very  little  wind,  thus 
affording  an  opportunity  of  recording  the  draft,  forward  and  a,jl, 
accurately.  The  vessel  was  completely  fitted  and  rigged,  the  two 
bower  anchore  were  down,  and  the  guns  run  out.  She  had  on  board 
508  men,  with  provisions  for  three  months;  60  tons  of  water  in  the 
tanks ;  517  tons  of  coal  in  the  bunkers,  and  two  of  the  boilers  were 
filled. 

After  the  usual  preparations  had  been  made,  such  as  fixing  the  two 
plumb-boards,  marking  the  positions  of  the  gun^rucks  on  the  deck, 
and  pumping  the  ship  out,  the  men  were  ordered  to  take  up  positions 
at  ease,  one-half  on  each  side  of  the  deck,  and  each  man  to  note  his 
position  for  himself,  so  as  to  take  it  again  if  ordered.  The  draft  of 
water  was  also  accurately  taken. 

"Wlen  all  was  quiet  and  .the  ship  steady,  the  points  in  which  the 
plumb-lines  crossed  the  upper  edges  of  the  cross  battens  were  carefully 
marked,  as  already  described— an  operation  scarcely  occupying  half 
a  minute,  and  it  is  only  during  this  process  that  the  men  need  be 
under  any  constraint. 

The  men  were  then  ordered  to  run  the  guns  of  all  the  decks  over 
on  one  side  of  the  ship  as  far  as  practicable,  and  nearly  opposite  their 
respective  ports,  with  the  axes  of  the  guns  in  tlie  same  direction  aa 
they  were  before,  so  as  to  simplify  the  calculations  as  much  as 
possible.  As  the  guns  were  removed,  the  same  part  of  the  trucks  was 
again  marked  on  the  deck ;  and  after  all  the  guns  were  over  the  men 
were  ordered  to  resume  their  stations  as  before  directed.     When  all 
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was  quiet,  the  points  in  which  the  plumb-lines  crossed  the  upper  edges 
of  the  cross  battens  were  marked  at  the  same  time ;  and  the  deflection 
of  the  plumb-line  read  off  from  both  boards  was  found  to  be  121 
inches.  The  guns  were  then  replaced,  the  otlier  battery  moved 
across,  and  the  plumb-boards  showed  for  the  second  experiment  a 
deflection  from  the  upright  in  20  feet  of  1 5  a  inches,  corresponding  to 
an  inclination  of  about  S°  40'. 

The  work  of  the  crew  here  terminated,  two  registered  inclinations 
having  been  obtained. 

An  account  of  the  weights  moved  and  the  distance  through  which 
each  was  moved  was  next  taken.  The  weight  of  the  guns  was  of 
course  marked  on  them,  and  the  weight  of  the  carriage,  etc.,  was 
also  noted  down.     This  was  most  carefully  done. 

Of  course  the  full  co-operation  of  all  on  board  was  absolutely  neces- 
sary to  make  the  experiment  truthful. 

The  recorded  draft  of  water  at  tlie  time  was — forward,  23  feet  10 
inches ;  abaft,  26  feet  5  inclies. 

Displacement  to  the  above  line  in  tons,  5610. 

Meta-centre  above  the  water-line,  4.229  feet. 

Meta-eentre  above  the  lower  edge  of  keel,  29.354  feet. 

The  sum  of  the  products  of  each  weight,  and  the  distance  tlirough 
which  it  was  moved  in  the  Jirat  experiment,  was  (in  tons  and  feet) 
1288.0595  ;  and  the  deflection  of  the  plumb-line  from  the  upright  in 
20  feet  was  12i  inches ;  therefore, 

GM  =  ™:  =  1MM555  ^  49  ^  „,33  ^^^ 

tan  0  5610  4  X  12  X  20 

By  the  second  experiment  GM  was  found  to  be  equal  to  4.4083 
feet.  Taking  the  mean  of  the  two  experiments,  the  centre  of  gravity 
of  the  ship  at  the  time  of  the  experiment  was  4.45  feet  below  the 
meta-centre,  or  24.904  feet  above  the  lower  edge  of  the  keel,  and  2t 
inches  below  the  corresponding  water-line. 

The  "  Conqueror,"  when  completely  equipped  for  sea,  had  on  board 
167  tons  more  than  has  been  already  mentioned  in  the  foregoing  ac- 
count; and  by  making  the  necessary  calculations  consequent  on  the 
introduction  of  this  Icnown  weight  (ship  drawing  24  feet  5  inches  for- 
ward ;  26  feet  10  inches  aft,  with  all  the  boilers  filled),  the  centre  of 
gravity  was  found  to  have  fallen  through  a  distance  of  .177  feet. 
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The  centre  of  gravity  of  the  ship,  then,  when  fully  equipped  for  sea, 
was  24.727  above  the  lower  edge  of  the  keel.  The  corresponding 
meia-centre  above  the  lower  edge  of  the  keel,  29.3167  feet.  Conse- 
quently the  meta-centre  of  the  ship,  when  fully  equipped  for  sea,  was 
4.5897  feet  above  the  centre  of  gravity ;  and  the  centre  of  gravity  is 
25.625  feet—  24.727  feet  ^  0.898  feet,  or  101  inches  below  the 
water-line. 
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SciKJTCE  may  be  exhausted  in  designing  the  immersed  portion  of  a 
ship,  and  yet  from  a  bad  arrangement  of  tlie  disposable  weights,  or 
from  the  introduction  of  unnecessary  weights  into  the  construction, 
or  from  an  ill-judged  leaving  out  of  that  which,  to  some,  may  appear 
useless  or  injurious,  though  a  main  part  of  the  design,  the  whole  may 
fail  of  a  successful  result. 

The  subject  of  stowage  as  connected  with  naval  construction  has 
been  much  neglected  and  much  misunderstnod ;  many  persons  seem- 
ing to  consider  that  the  principle  of  the  common  balance  or  lever 
governs  the  regulation  of  the  weights. 

At  the  threshold  of  an  inquiry  into  the  practice  of  stowage,  one 
will  meet  with  the  most  opposite  statements,  officers  of  eijual  judg- 
ment stating  what  they  call  facts,  yet  seemingly  irreconcilable  with 
each  other,  and  therefore  with  truth ;  one  officer  stating,  and  truly, 
that  his  vessel  pitched,  and  that  he  trimmed  her  by  the  stem,  but 
that  she  jiitched  worse  than  before ;  another,  thart  his  ship  pitched 
and  he  trimmed  her  by  the  stem  and  she  was  much  improved  by  it ; 
the  difference  not  being  in  the  facts,  but  in  the  mode  of  correcting 
the  evil. 

In  apparent  opposition  to  this,  it  has  been  fouml  that  a  ship  may 
'soend  though  the  greater  weight  be  forward  ; 

That  a  ship  may  miss  stays  uniformly,  or  be  very  long  in  stays, 
though  a  short  ship,  and  this  though  she  may  be  in  the  same  trim,  as 
regards  difference  of  draft  forward  and  aft,  as  she  was  when  she 
stayed  better ; 

A  ship  may  Dot  pay  off  in  answer  to  her  helm,  though  sitting  by 
the  stern ;  or 
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She  may  sail  very  welt  on  one  cruise,  and  very  badly  the  nest, 
and  yet  each  time  have  the  same  line  of  flotation ;  or  a  notoriously 
easy  ship  may  be  made  uneasy. 

Now,  a  ship  may  be  made  to  sail  nearly  equally  well  in  different 
trims,  or  similar  ships  in  different  trims ;  and  yet  in  none  of  the  fore- 
going cases  is  form  necessarily  the  cause  of  the  defective  or  different 
performance,  for  all  may  be  the  result  of  a  peculiar  disposition  of  the 
weights.  For  it  is  quite  possible  by  a  suitable  arrangement  of  the 
weights  in  each  case,  still  preserving  the  same  line  of  flotation,  to  make 
a  ship  stay  or  wear  badly  (despite  every  care  in  working  her),  to 
make  a  ship  carry  weather  or  lee  helm,  be  easy  or  uneasy,  steer  111 
or  well ;  and  even  a  short  ship  may  be  made  to  take  longer  in  stays 
than  a  long  ship. 

The  explanation  of  all  this  is  easy  upon  mechanical  principles, 
since  a  ship  is  under  all  circumstances  a  false  balance;  and  this  in  a 
great  degree  because  of  the  situation  of  the  bowsprit  projecting  out  at 
one  exti-emity  without  a  corresponding  weight  at  an  equal  distance  at 
the  opposite  side  of  the  axis  or  point  of  suspension.  "While  remain- 
ing at  rest,  a  greater  weight  at  a  lees  distance  will  balance  a  less 
weight  at  greater  distance,  hut  when  set  in  motion  the  balance  no 
longer  obtains,  for  the  weights  under  this  latter  circumstance  act  ac- 
cording to  the  squares  of  their  respective  distances  from  the  axis. 

This  principle  was  applied  by  EemouiUi  and  Chapman,  though  in 
a  limited  way,  and  in  1833  Henwood  proposed  that  the  principle 
should  he  applied  not  only  to  the  stowage  of  ships,  but  also  in  the 
designing,  \Vhy  that  portion  of  it  which  is  applicable  to  all  vessels 
has  not  been  adopted  is  difficult  to  say,  unless,  indeed,  it  be  that  it 
has  not  been  understood. 

It  was  formerly  imagined  that  all  necessary  conditions  of  trim  were 
fulfilled  if  the  vessel  were  brought  to  a  certain  line  of  flotation,  and 
if  on  the  stowage  being  completed,  she  was  found  not  at  that  line,  2 
or  10  tons  (more  or  less)  were  shifted  50  feet,  or  50  tons  were  shifted 
2  or  10  feet,  indiflerently  ^the  effect  on  the  line  of  flotation  being  the 
same),  without  supposing  the  effect  on  the  ship's  motions  to  be  dif- 
ferent; whereas  the  effect  on  the  pitching  motion  in  the  one  case  was 
25  times  as  much  as  the  effect  on  the  same  motion  in  the  other.  As 
an  example,  when  the  English  frigate  "Portland"  was  about  to  sail 
with  the  "Vernon,"  it  was  found  that  she  was  not,  by  a  consider- 
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able  quantity,  in  the  same  trim  as  a  sister  ship  (the  "  ■Winchester"), 
and  time  not  permitting  her  to  be  properly  trimmed,  6  tons  of  bal- 
last were  hastily  shifted  from  about  30  feet  abaft  the  centre  of  gravity, 
to  20  feet  before  the  centre  of  gravity,  the  effect  of  which  was — 


60  X  6  = 


=  X6^ 


5400 
2400 


Total =7800 

Xow  had  this  been  effected  by  sltifting  60  tons  6  feet  forward,  and 
then  la  tons  39  feet  aft,  the  trim  would  have  been  obtained  and  the 


pitching 


not  increased,  since  the  effect  would  have  been— 


60  X  6    =  360  forward. 
39  X  1^  =    58.5  aft. 
Requisite  quantity  301.5 
The  following  diagram 


6=  X  60    =  2160 
39'  X    li  =  2135 
Practically  nothing  25 
will  illustrate  this  more  fully.      Let  W 
(fig.  45)   balance  IV'    on  the 
lever  ab,  F  being  the  fiilcrum 
or  centre  of  rotation.     The  mo- 
ment "W  X  Fa  =  W  X  Fb. 
Now  suppose  the  lever  to  make 
l^r,one  complete  revolution,  then 
I*  the  velocity  of  W  :  velocity  of 
W  t :  circle  ac  :  circle  hd  :  : 
Fa:Fb.  Thcmomcnt(WxF<i) 
X  velocity  of  W  =  effect  of 
W  in  motion :  and  the  moment 
(W  X  F6)  X  velocity  of  W 
Fio.  45.  =^  the  effect  of  W  in  motion, 

or  the  momentum  of  "W  ^  "W 
X  Fa'  and  the  momentum  of  W  =;  W  X  Fb^.  Hence  it  appears 
that  the  effect  of  any  rotary  weight  is  as  its  moment  multiplied  by 
its  velocity. 

Suppose  W  placed  at  c,  and 
Let  W  =  14,  Fc  =  2,  W  =  T,Fb  =  4. 
Moment  of  W  =  14  X  2  —  Moment  W  =  7  X  4. 
Moment  of  inertia  W  —  14  X  2  X  2  =    56. 
Moment  of  inertia  W  =    7X4X4  =  112. 
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This  is  strictly  the  ease  of  a  ship  if  the  weights  be  in  the  inverse 
ratio  of  their  distances  froili  the  centre  of  gravity,  or  centre  of  gi-avity 
of  displacement  (they  being  both  in  the  same  vertical  plane).  They 
will  balance,  and  therefore  a  ship  may  be  brought  to  a  given  line  of 
flotation  by  an  infinite  number  of  arrangements  of  the  weights,  but 
when  in  motion  dl  differing  in  their  effects.  The  consequence  of 
this  is,  that  similar  ships  may  sail  about  equally  well  at  different 
drafts  or  very  unequally  at  the  same  draft. 

It  is  not  an  uncommon  practice  for  weights  to  be  shifted  in  order  to 
trim  when  sailing  or  chasing,  or  with  a  view  to  correct  the  defect  of 
depression  of  the  bow  by  the  press  of  sail,  fi-om  an  idea  of  keeping 
the  vessel  at  a  line  of  flotation  which  will  present  the  least  area  of 
midship  section ;  this,  however,  is  generally  a  very  secondary  con- 
sideration ;  for  though  it  be  true  (all  other  things  being  equal)  that 
the  smaller  the  area  of  midship  section  the  better,  yet  any  good  that 
might  arise  from  its  being  small  will  he  overborne  by  a  bad  arrange- 
ment of  the  weights,  and  a  bad  arrangement  of  weight  is  almost  cer- 
tain to  be  arrived  at  by  such  trimming,  as  a  few  out  of  numberless 
arrangements  will  suffice  to  show. 

Suppose  a  vessel  of  1000  tons  displacement  150  feet  long;  the 
weight  of  Uie  hull  500  tons ;  its  centre  of  gravity  at  the  middle  of 
the  length ;  the  common  centre  of  gravity  to  he  2  feet  before  that, 
and  the  bowsprit,  etc.,  to  he  8  tons,  83  feet  before  the  common 
centre  of  gravity.  Furthermore,  that  she  is  balanced  by  the  remain- 
ing weights,  as  follows :  50  tons  situated  in  the  same  perpendicular 
plane  as  the  centre  of  gravity  of  the  hull. 

Moments  aft 182X38      +    2  X  550  ^  8,016 

Forward* 260  X  28.4  +  83  X  8     ^  8,048 

Moments  of  inertia  aft 182  X  38'     +    2'  X  550  =  265,008 

forward...  260  X  28.4'  +  83'  X  8      ^  264,817 
Slightly  greater  aft : 191 

Now  suppose  the  vessel  much  pressed,  and  125  tons  to  be  shifted  40 
feet  aft  from  the  centre  of  gravity  of  the  fore  body,  tlien  the  mo- 
ments of  inertia  would  be — 

•  These  weights  and  distances  are  qnit«  urbilrary,  jet  they  wUl  as  well  illnstratB 
the  argument  as  if  thcj  were  assumed  from  the  actual  design  of  a  vessel. 
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Aft =266,690 

Forward —  254,736 

Excess  aft,  so  that  she  will  'seend  badly  and  be  more  leewardly, 

though  she  may  steer  easier. 
If  50  tons  could  be  shifted  20  feet  aft  from  the  same  place,  and 

100  tons  5  feet  forward  from  the  centre  of  gravity  of  the  aft«r  body, 

then  the  moments  of  inertia  would  be — 

Aft ; ^229,508 

Forward 1 =  228,017 

1,491  aft, 
or  the  balance  would  be  more  nearly  preserved  and  the  ship  might 
sail  and  steer  better  for  the  change. 

If  25  tons  were  shifted  20  feet  aft  from  the  centre  of  gravity  of  the 
after  body,  the  moments  of  inertia  would  then  be- 
Aft =  313,008 

Forward =  264,817 

48,191 
or  such  an  excess  aft  as  would  cause  the  ship  to  'scend  and  pitch  to 
a  frightful  extent.      And  if  12i  tons  were  shifted  aft  40  feet  from 
the  centre  of  gravity  of  the  hull,  the  momenta  of  inertia  would  be — 

Aft =  287,008 

Forward —  264,817 

~22,191 
So  great  an  excess  aft  that  she  would  'scend  and  pitch  to  an  enor- 
mous degree. 

Now,  though  these  effects  in  all  four  cases  are  so  different,  yet  the 
effect  on  the  trim  (as  regards  difference  of  draft)  ia  the  same.  Lastly, 
suppose  5  tons  to  he  shifted  40  feet  aft  from  the  centre  of  gravity  of 
the  hull,  which  is  in  the  middle  of  the  length,  then  the  moments  of 
inertia  will  he — 

Aft. ■. ==  273,808 

Forward =264,117 

8,991  excess  aft. 
Consequently  the  vessel  will  have  a  tendency  to  'scend,  which  will 
increase  the  longitudinal  oscillations  and  lessen  the  speed. 

From  the  foregoing  it  will  be  seen  how  necessary  it  is  that  the 
naval  ofBcer  should  understand  the  principles  which  govern  the  shift- 
ing of  weights  when  altering  stowage. 


Hosted  by  Google 


Ship-Building. 


Hosiedb,  Google 


Hosiedb,  Google 


Ship-Building. 


CHAPTER    T. 

HE   WORK   TO   BE   DONE   BY   ^ 


The  work  of  the  ship-builder  is  parted  from  that  of  the  naval 
architect  by  the  same  broad  line  which  separates  the  profession  of 
the  civil  architect  from  that  of  the  mere  Louse-builder.  In  France, 
especially,  is  this  distinction  broadly  made. 

There,  the  naval  architect  and  the  military  engineer  form  together 
a  corps  de  gtnie — the  one  called  gtnie  mUitaire,  the  other  g&nie  Trtari- 
Hine — and  these  words  clearly  mark  out  that  the  original  intention, 
invention  and  inspiration  should  be  derived  from  a  higher  source 
than  the  mere  execution  of  a  practical  work — the  mere  process  of 
giving  materials  shape;  or  the  details  of  putting  them  into  plaee  and 
fixing  them  there. 

The  corps  de  gSnie  has  science,  calculation  and  head-work  as  its 
business,  as  distinguished  from  the  handiwork  which  requires  mMnly 
use  and  skill,  but  which,  nevertheless,  cannot  dispense  with  head- 
work.  The  head-work  must  be  done  first,  and  the  handiwork  must 
follow  after. 

The  naval  architect  has  therefore  done  his  work  before  the  ship- 
builder begins.  In  fact,  he  may  be  said  to  have  laid  down  "  t!te  law" 
of  the  ship,  in  lines  so  exact  and  well  thought  out  that  the  slightest 
deviation  would  he  an  injury  to  her  qualities'  and  a  drawback  to  her 
use.  These  lines,  thus  laid  down,  it  is  the  business  of  the  ship- 
builder truly  to  follow  and  soundly  to  execute,  for  as  in  the  archi- 
tect the  highest  quality  was  science  and  judgment,  so  in  the  ship- 
builder the  highest  quality  is  craft  and  skill. 
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The  ship-builder,  having  first  studied  in  the  drawing  what  the  ship 
is  to  be,  must  then  make  his  selection  of  material,  whether  timber  or 
iron.  On  this  selection  much  of  his  skill  depends ;  for  durability  of 
work,  profit  or  loss,  advantage  or  ruin,  materiallT  depend  on 
selection.  Timber  is  of  all  sorts — grown  on  good  soil  or  bad,  good 
or  inferior,  cut  at  the  right  seaison  or  the  wrong,  too  young  or  too 
old,  strong  or  decayed,  durable  or  going  to  rot ;  and  skill  to  know 
good  from  bad  is  a  first  requisite  in  a  builder  of  wooden  sliips. 

Ailer  selecliort  comes  eonversion,  the  second  point  in  the  builder's 
craft. 

A  good  converter  he^vs  out  a  fortune — a  bad  one  wastes  it.  Some 
people  waste  twenty  per  cent,  and  some  fifty.  After  a  good  converter 
the  ship-yard  will  be  found  clean  and  tidy,  most  of  the  timber  having, 
been  put  into  the  ship.  After  a  bad  converter  the  yard  will  be  in  a 
litter,  encumbered  with  loads  of  waste. 

The  timber  selected  and  each  part  assigned  to  its  use  by  the  eye  of 
a  good  converter,  the  work  of  the  wooden  ship-builder  becomes 
comparatively  easy.  All  the  different  pieces  of  timber  of  which  the 
ship  is  to  be  composed  having  been  collected  in  his  ship-yard,  the 
next  stage  in  his  business  is  a  piece  of  exact  geometry  or  shaping. 

The  geometry  of  ship-building  consists  mainly  of  two  parts  :  laying 
down  on  the  floor,  and  taking  off  from  the  floor. 

Laying  down  consists  in  transferring  "the  lines  in  the  drawing  to 
the  mould-loft  floor,  but  this  is  far  from  being  a  matter  of  mere  rou- 
tine or  mechanical  copy ;  it  may  be  very  skillfully  or  very  stupidly 
done. 

It  is  not  a  mere  copy  that  is  needed,  though  as  a  copy  it  must 
be  exact ;  it  is  a  copy  with  skill ;  a  translation,  as  it  were,  from 
the  language  of  the  architect  to  the  language  of  the  craftsman — a 
translation  from  the  langue  de  genie  into  the  langue  technique  aud 


Laying  down  on  the  floor,  then,  consists  in  taking  from  the  archi- 
tect's drawing  all  the  precise  points  which  his  drawing  has  given,  aud 
expanding  these  to  full  size  uponthe  floor  of  the  mould-loft. 

The  scale  of  the  architect's  design  is  usually  in  this  country  and  in 
England  .0208,  or  one  forty-eighth  of  the  true  size.  In  France,  .02, 
In  very  large  ships  it  is  convenient  to  have  the  drawing  smaller,  say 
.0104  or  .01. 
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The  water-iinea  have  no  place  in  practical  building,  and  what  was 
everytliing  to  the  architect  is  nothing  to  the  builder.  The  architect's 
work  takes  the  water  for  the  basis ;  the  builder's  work  lies  on  land, 
and  he  therefore  works  from  the  keel,  not  from  the  water-line. 

The  keel,  therefore,  is  the  first  line  he  lays  down  eu  the  floor. 
This  line  he  lays  even,  straight  and  true  with  the  greatest  care,  and 
from  this  all  his  work  takes  its  position  and  shape.  The  ship's  frames 
are  drawn  perpendicular  to  it;  and  parallels  to  it  measure  the  heights 
of  all  the  principal  points  above  the  keel ;  while  a  point  on  it  is 
reckoned  and  marked  as  midship  or  K.  On  this  is  erected  tlie  mid- 
ship frame ;  and  henceforth  every  line  is  reckoned  above  the  line  of 
the  keel ;  every  distance  fore  and  aft  from  the  plane  of  the  midship 
section;  and  every  breadth,  starboanj  and  poit,  perpendicular  to  the 
line  of  the  keel.  On  this  set  of  right-angled  planes  all  the  parts 
of  tlie  ship  must  be  measured,  drawn,  moulded  and  shaped  For 
each  frame  of  the  ship  there  is  now  to  be  diauu  a  separate  \ertical 
section,  and  these  vertical  lines  form  the  body  plan,  one  luie  lor  each 
frame;  though  it  may  happen  that  not  a  single  vertical  section  of  the 
builder's  draught  will  coincide  with  a  vertical  section  of  the  design. 

The  building  draught,  then,  gives  the  builder  the  outline,  whether 
in  wood  or  iron,  of  every  transvei-se  frame  in  the  ship ;  but  the  skin 
or  planking  he  has  still  to  find  by  lines  of  his  own.  Some  make  the 
skin  follow  the  water-line,  and  some  make  it  follow  the  frames,  so 
that  the  architect's  lines  have  been  taken  and  built  in  the  skin  of  the 
ship  as  well  as  in  the  frame;  but  such  methods  have  been  found  to 
be  mechanical  mistakes. 

Much  of  the  ease  with  which  the  ship  will  be  formed,  ind  no  little 
of  her  strength,  will  depend  op  the  wisdom  with  whi(.h  the  Imei  of 
the  skin  are  selected  and  traced.  These  lines  are  (ailed  plank  hues 
or  rihband-Unes ;  they  are  intended  to  show  the  way  the  plinks  would 
lie  most  easUy  over  the  frame  and  keep  most  firmly  m  place  with  the 
least  strain.  For  the  strength  of  wooden  planks  it  is  necessary  that 
they  should  lie  easily,  bend  gently  and  fit  snugly.  The  tendency  of 
all  plank  when  forced  out  of  its  natural  shape  is  to  resume  tliat 
shape  and  so  spring  a  leak.  In  iron  ships,  also,  it  is  desirable  not  to 
twist  the  iron  unnecessarily,  so  as  to  diminish  its  strength  or  i 
its  cost. 

Therefore,  to  make  the  planks  of  a  wooden  ship  or  the  long  i 


Hosted  by  Google 


282 


SHIP-BUILDIJTG. 


plates  of  an  iron  vessel  lie  fair,  great  care  must  be  taken  to  lay  down 
the  ribband-lmea  properly. 

These  two  setif  of  lines— /m»ie-l in es  and  ribband-lines — are  every- 
thing to  the  builder,  and  mnst  go  perfectly  together,  fit  into  and 
supplement  one  another,  as  they  are  really  the  elements  iiTiich  shape 
and  decide  nearly  all  the  pieces  of  which  the  ship  is  composed ;  and 
they  must  be  accurate  to  the  minutest  detail  of  the  architect's  design, 
though  no  one  of  them  may  happen  to  be  found  there. 

It  will  be  seen,  therefore,  that  the  drawing  from  which  the  builder 
is  to  construct  his  work  is  very  fer  from  being  an  enlarged  and 
merely  mechanical  copy  of  the  architect's  design;  it  is  ratlier  a 
perfect  translation  of  his  idea,  the  practical  result  of  which  is  the 
fulfillment  of  the  design. 

After  "laying  down"  comes  the  work  of  the  ship-yard,  where  lie 
the  trees  out  of  which  tlie  timbers  of  the  ship  are  to  be  cut.  The 
round  timbers  must  be  selected,  the  round  slabs  sawn  off,  the  exact 
curve  marked  upon  them  by.  moulds  brought  from  the  mould-foft 
floor;  and  the  trees  being  formed  into  the  exact  shapes  for  which 
originally  selected,  have  now  numbers  and  names,  indicating  their 
plaees,  affixed  to  them ;  and  when  thus  rendered  fit  to  occupy  their 
places  are  said  to  have  been  eonvei-ted. 

After  conversion  comes  erection.  Erection  consists  in  assembling 
all  the  pieces  of  the  frame— placing  and  fitting  them  to  each  other, 
and  then  uniting  them  temporarily  in  one,  so  that  together  they  may 
be  set  on  end  upright  upon  the  keel  in  the  place  where  they  aro 
intended  to  go. 

After  erection  comes  JaMening.  To  erect  the  frame  is  not  enough  ; 
it  must  be-held  there. 

It  must  be  Jastened  to  the  keel,  to  its  adjacent  frames  on  both 
sides,  to  the  stringers,  deck  beams  and  planks;  but  this  fastening  is 
gradual,  and  only  ends  when  the  ship  is  finished. 

The  frame  erected  has  to  be  planked,  or,  if  an  iron  ship,  pl'ated. 
The  frames  are  the  skeleton — the  planking  or  plating,  the"  skin. 

It  has  to  be  shaped  by  the  rihhand-Wnes,  bent  to  its  curve,  fitted 
snugly  in  place  and  fastened  there.  Then  comes  the  caulking  or 
filling  the  seams  and  keeping  out  the  water.  After  which  comes  the 
fitting  inboard  and  out. 

The  fitting  of  a  ship  is  almost  as  extensive  a  part  of  the  ship- 
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builder's  art  as  the  construction,  and  must  be  arranged  beforehand 
by  usage  or  contract,  as  it  is  by  no  means  a  mere  matter  of  routine. 

Finding  is  the  next  step.  This  applies  of  course  more  particu- 
larly to  the  merchant  service.  How  a  ship  is  to  be  fitted  and  found 
the  special  contract  must  state  in  clear  terms,  that  no  subsequent 
dispute  may  arise. 

Finally  comes  launching,  which  ia  practically  and  legally  the 
delivery  of  the  ship,  and  is  usually  the  epoch  at  which  the  property 
passes  from  the  builder  to  the  owner. 

Here  the  duties  of  the  builder  end  and  those  of  the.owner  begin. 
The  ship  is  then  registered  and  named,  turned  over  to  her  captain, 
I,  stored,  fitted  and  manned. 
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I.   Ikon. 

Cast  iron  is  the  product  of  the  process  of  smelting  the  different 
iron  ores.  From  the  smelting  process  result  slaff,  or  glassy  matter 
formed  by  a  combination  of  the  flux  with  the  earthy  ingredients  of 
the  ore,  and  pig  iron,  which  is  a  compound  of  iron  and  carbon,  either 
unmixed  or  mixed  with  a  small  quantity  of  uncombined  carbon  ia 
the  state  of  plumbago.  The  ore  is  frequently  roasted  or  calcined 
before  being  smelted  to  expel  carbonic  acid  and  water.  The  total 
weight  of  carbon  in  pig  iron  ranges  from  2  to  5  per  cent  of  its 
weight. 

Different  kinds  of  pig  iron  are  produced  from  the  same  ore  in  the 
same  furnace  under  different  circumstances  as  to  temperature  and 
quantity  of  fuel.  A  high  temperature  and  a  large  quantity  of  fuel 
produce  gray  cad  iron,  which  is  further  distinguished  into  No.  1, 
No.  2,  No.  3,  and  bo  on — No.  1  being  that  produced  at  the  highest 
temperature.  A  low  temperature  and  a  deficiency  of  fuel  produce 
the  white  cast  iron. 

Gray  cast  iron  is  of  different  shades  of  bluish-gray  in  color,  gran- 
ular in  texture,  softer  and  more  easily  fusible  than  white  cast  iron. 

White  cast  iron  is  silvery  white,  comparatively  difficult  to  melt, 
brittle  and  excessively  hard. 

There  are  two  kinds  of  white  cast  iron — the  granular  and  crystal- 
line. The  granular  can  be  converted  into  gray  cast  iron  by  fusion 
and  slow  cooling ;  and  gray  cast  iron  can  be  converted  into  granular 
white  cast  iron  by  fusion  and  mdden  cooling. 

Crystalline  white  cast  iron  Is  harder  and  more  brittle  than  granu 
lar,  and  is  not  capable  of  conversion  into  gray  cast  iron  by  fusion 
and  slow  cooling. 
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Gray  cast  iron  No  1  is  the  moat  easily  tasible,  and  produces  the 
finest  and  most  at  curate  castings  It  is  deficient  in  hardness  and 
strength,  and  therefoie,  though  suited  to  castings  of  moderate  size,  is 
inferior  to  No.  2  or  No  3  for  large  structures 

The  presence  ot  plumbigo  renders  uon  comparatively  weak  and 
pliable,  so  that  the  order  ot  stiength  -rnd  stiffness  among  different 
kinds  of  cast  iron  irom  tlie  sime  oie  and  fuel  is  as  follows : 

Granular  white  cast  iion  I  Gray  cast  iron  No.  2, 

Gray  cast  iron  No.  3,  -I  "  "     Ko.  1. 

Crystalline  white  cast  iron  is  uniit  for  engineering  structures  or 
machinery,  on  account  of  its  extreme  brittleness. 

The  strength  of  cast  iron  to  resist  erosi  drain  is  increased  by 
repeated  meltings  up  to  the  twelfth,  when  it  falls  off.  The  resistance 
to  crushing  increases  by  repeated  meltings  up  to  the  eighteenth,  when 
its  strength  is  doubled,  the  iron  then  becoming  silvery  white  and 
intensely  hard. 

The  best  course  in  order  to  obtain  good  iron  is  for  the  ship-builder 
or  engineer  to  specify  a  certain  minimum  strength  which  the  iron 
should  show  when  tested  by  experiment.  Good  iron  should  show  on 
the  outer  surface  a  smooth,  clear  and  continuous  skin,  with  regular 
feces  and  sharp  angles.  When  broken,  the  surface  of  fracture  should 
be  of  a  light  bluish-gray  color  and  close-grained  texture,  with  con- 
siderable metallic  lustre.  Both  color  and  texture  should  be  uniform, 
except  that  near  the  skin  the  color  may  be  somewhat  lighter  and  the 
grain  closer.  If  the  fractured  surface  is  mottled,  either  with  patches 
of  darker  or  lighter  iron,  or  with  crystalline  spots,  the  casting  ia 
unsafe,  and  it  will  be  still  more  unsafe  if  it  contains  air-bubbles. 
The  iron  should  be  soft  enough  to  be  slightly  indented  by  the  blow 
of  a  hammer  on  an  edge  of  the  casting. 

Castings  are  tested  for  air-bubbles  by  ringing  them  with  a  ham- 
mer all  over  the  surfiice. 

Iron  contracts  in  cooling  from  the  melting  point  down  to  the 
temperature  of  the  atmosphere  by  -^th  part  in  each  of  its  linear 
dimensions,  or  one-eighth  of  an  inch  io  a  foot;  therefore  patterns  are 
made  larger  in  that  proportion  than  the  intended  pieces  of  cast  iron 
which  they  represent 

Cast  iron  expands  about  7^  or  .00111  in  rising  from  the 
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to  the  boiling  point  Every  Btnicture  designed  must  have  careful 
provision  made  for  expansion  and  contraction. 

Wrought  or  malleable  iron  is  pure  iron,  all  the  impurities  having 
been  removed ;  the  most  common  form  of  obtaining  this  sort  of  iron 
being  by  a  process  called  puddling,  in  which  the  pig  iron  is  melted 
in  a  "  reverberatory"  furnace  and  brought  into  close  contact  with  the 
air  by  stirring  it  with  a  rake  or  "rabble."  Sometimes  the  iron  is 
refined,  before  puddling,  by  having  a  blast  of  air  blown  over  its  sur- 
face while  in  a  molten  state.  The  process  of  refining  removes  part 
of  the  carbon,  and  leaves  a  white  crystalline  compound  of  iron  and 
carbon  called  "refiners'  metal." 

Sometimes  the  refining  is  omitted  and  the  iron  at  once  puddled ; 
this  is  called  "  pig  boUing." 

The  removal  of  the  carbon  is  indicated  by  the  thickening  of  the 
mass  of  iron,  malleable  iron  requiring  a  higher  temperature  for  its 
fiision  than  cast  iron.  It  is  formed  into  a  lump  called  a  "  bloom," 
taken  out  of  the  furnace  and  placed  under  a  tilt  or  trip  hammer,  or 
in  a  suitable  squeeiing  machine  to  be  "  shingled,"  that  is,  to  have 
the  cinder  forced  out  and  the  partielea  of  iron  welded  together  by 
blows  or  pressure. 

The  bloom  is  then  passed  between  rollers  and  rolled  into  a  bar; 
the  bar  is  cut  into  short  lengths,  which  are  faqoied  together,  re- 
heated and  rolled  again  into  one  bar ;  and  this  process  is  repeated 
until  the  iron  has  become  sufficiently  compact  and  has  acquired  a 
fibrous  structure. 

Bars  are  called  Ko.  1,  Wo.  2,  No.  3  bars,  etc.,  according  to  the 
number  of  times  they  have  been  rolled. 

In  Bessemer's  process  the  molten  iron,  having  been  run  into  a  suit- 
able vessel,  has  jets  of  air  blown  through  it  by  a  blowing  machine. 
The  oxygen  of  the  air  combines  with  the  silicon  and  <^rbon  of  the 
iron,  and  in  so  doing  produces  enough  heat  to  keep  the  iron  in  a 
melted  state  till  brought  to  the  malleable  condition,  when  it  is  run 
into  Itirge  ingots,  which  are  hammered  and  roUed  in  the  usual  way. 
This  process  is  most  successful  with  the  Swedish  and  Nova  Scotia  iron. 

Strength  and  toughness  in  bar  iron  are  indicated  by  a  fine,  close 
and  uniform  fibrous  structure,  free  from  all  appearance  of  crystalli- 
zation, with  a  clear,  bluish-gray  color  and  silky  lustre  on  a  torn  sur- 
face, ivliere  the  fibres  are  shown. 
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Plate  iron  of  the  best  kind  consists  of  alternate  layers  of  fibres 
crossing  each  other.  .  It  shonld  have  a  hard,  smooth  skin,  somewhat 
glossy,  and  when  broken  should  show  perfect  uniformity  of  structure 
and  be  free  from  all  tendency  ta  split  into  layers. 

To  examine  the  internal  structure  of  iron,  whether  in  bars  or  plat«s, 
a  short  piece  may  be  notched  on  one  side  near  tJie  middle  and  bent 
double.  The  fitness  of  bar  iron  for  ship-building  and  smith-work  is 
tested  by  bending  and  puncliing  it  cold,  and  by  punching  and  forg- 
ing it  hot,  so  as  to  ascertain  whether  it  shows  any  signs  of  brittleness 
either  when  hot  or  cold,  technically  "  cold  short"  or  "  hot  short." 

Good  wrought  iron  loses  strength  by  much  reheating.  Good  bar 
iron  has  in  general  attained  its  maximum  strength,  and  therefore  the 
least  possible  amount  of  reheating  and  working  in  order  t«  obtain 
any  desired  figure  should  be  given. 

Steel  of  different  kinds  is  used  in  ship-building  and  machinary,  but_ 
the  limits  of  this  work  permit  only  an  enumeration  of  some  of  the 
principal  kinds. 

Steel  is  the  hardest  of  the  metals  and  the  strongest  of  known  sub- 
stances, being  a  compound  of  iron  with  from  0,5  to  1,5  per  cent,  of 
its  weight  of  carbon. 

There  is,  however,  "steely  iron"  or  " aemi-steel,"  but  these  are 
compounds  of  iron,  and  are  not  ^roper^i/.  steel. 

Steel  is  distinguished  by  the  property  of  tempering  ;  that  is,  it  can 
be  hardened  bysudden  cooling  from  a  liigh  temperature  and  softened 
by  gradual  cooling,  and  its  degree  of  hardness  or  softness  can  be 
regulated  with  precision  by  suitably  fixing  that  temperature.  The 
ordinary  practice  is  to  bring  all  steel  to  a  high  degree  of  hardness  by 
sudden  cooling,  and  then  to  soften  it  more  or  leas  by  raising  it  to  a 
temperature  which  is  the  higher  the  softer  the  articles  arc  to  be  made, 
and  letting  it  cool  very  gradually.  The  elevation  of  temperature, 
previous  to  the  "  annealing"  or  gradual  cooling,  is  produced  by  plung- 
ing the  articles  into  a  bath  of  a  fusible  metallic  alloy.  The  tempera- 
ture of  the  bath  ranges  from  430°  to  560°,  Fahrenheit, 

The  following  are  some  of  the  different  kinds  of  steel ;  Blister  steel, 
shear  st«el,  cast  steel,  Bessemer  steel,  puddled  steel,  and  granulated 
steel. 

When  the  tenacity  of  iron  is  tested  for  purposes  of  ship-building,  it 
is  not  considered  fit  for  use  if  the  specimen  is  broken  by  a  less  load 
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than  20  tons  to  the  square  inch  of  the  original  sectional  area,  or  2'4 
tons  on  the  square  inch  of  the  area  as  diminished  hy  drawing  out  at 
the  place  of  fracture.  The  better  qualities  of  iron  have  greater 
strength  than  the  above.  It  is  also  important  that  the  tovffkness  of 
the  iron  be  tested  by  observing  in  what  proportion  the  length  of  the 
piece  is  increased  at  the  instant  before  breaking.  The  ultimate 
elongation  of  the  best  and  toughest  specimens  of  iron  and  steel  is  as_ 
follows,  in  fractions  of  the  original  length  : 

Bar  iron,  from 0.15    to  0.30 

Plate  iron,  lengthwise,  from 0.04    to  0.17 

Plate  iron,  crosswise,  from 0.015  to  0,11 

Steel  bars,  from 0.05    to  0.19 

Steel  pUtea,  from 0.03    to  0.19 

The  corrosion  of  iron  is  a  sort  of  slow  combustion,  during  which 
the  iron  combines  with  osygen  and  produces  rusL  The  ordinary 
methods  of  preserving  iron  in  the  air  consists  principally  in  prevent- 
ing the  aecess  of  oxygen  to  the  metal. 

The  corrosion  of  iron  is  more  rapid  when  partly  vret  and  partly 
dry,  than  when  wholly  immersed  in  the  water  or  wholly  exposed  to 
the  air.  It  is  accelerated  by  impurities  in  the  water,  and  especially 
by  decomposing  organic  matter  or  free  acids.  Cast  iron  and  steel 
decompose  rapidly  in  warm  or  impure  sea  water. 

The  following  are  some  of  the  methods  of  preserving  iron  not  im- 
mersed in  sea  water,  hot  or  cold,  nor  exposed  to  hot  steam : 

1st.  Boiling  in  coal-tar,  especially  if  the  pieces  of  iron  have  first 
been  heated  to  the  temperature  of  melting  lead, 

2d.  Heating  the  iron  to  the  temperature  of  melting  lead,  and  then 
smearing  it  with  cold  linseed  oil,  which  dries  and  forms  a  sort  of 
varnish, 

3d.  Painting  with  oil  paint,  which  must  be  renewed  from  time  to 
time.     The  second  process  is  a  good  preparation  for  this, 

4th.  Coating  with  zinc  or  galvanizing.  This  is  efficient  if  not  ex- 
posed to  acids  capable  of  dissolving  the  zinc ;  but  it  is  destroyed  by 
sulphuric  acid  in  the  atmosphere  of  places  where  much  coal  is 
burned. 
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II.     TiSIEER. 

The  tenacity  6f  wood  wLen  strained  "  along  tlie  grain"  depends 
on  the  tenacity  of  the  fibres ;  tlie  tenacity  of  wood  when  strained 
"across  the  grain"  depends  on  the  adhesion  of  the  iibres  or  cells  to 
each  other. 

"When  a  woody  stem  is  cut  across  the  grain,  the  cellular  and  vas- 
cular  tissues  are  seen  to  be  arranged  as  follows  :  In  the  centre  of  the 
stem  is  the^iA,  composed  of  cellular  tissue,  enclosed  in  the  medul- 
lary sheath,  which  consists  of  vascular  tissue  of  a  particular  kind. 
From  the  pith  there  extend,  radiating  outward  to  the  bark,  thin 
partitions  of  cellular  tissue  called  medutlai-y  rays;  between  these,  ad- 
ditional medullary  rays  extend  inward  from  the  bark  to  a  greater  or 
less  distance,  but  without  penetrating  to  the  pith. 

"WTien  the  medullary  rays  are  large  and  distinct,  as  in  o;ik,  they 
are  called  "  silver  grain." 

Between  the  medullary  rays  lie  bundles  of  vascnSar  tissue,  form- 
ing the  woody  fibre,  arrayed  in  nearly  concentric  rings  or  layers 
round  the  pith.  These  rings  are  traversed  radially  by  the  medullary 
rays.  The  boundary  between  two  successive  rings  is  marked  more  or 
less  distinctly  by  a  greater  degree  of  porosity  and  by  a  difference  of 
hardness  or  color. 

The  annual  rings  are  usually  thicker  at  that  side  of  the  free  which 
has  had  most  air  and  sunshine,  so  that  the  pith  is  not  exactly  in  the 
centre. 

The  wood  of  the  entire  stem  may  be  distinguished  into  two  parts, 
the  outer  and  younger  portion  called  "  sap-ivood"  being  softer, 
weaker  and  less  compact,  and  sometimes  lighter  in*  color  than  the 
inner  portion  called  "  heart-wood."  The  heart-wood  is  alone  to  be 
used  in  work  where  drength  and  durability  are  required.  The  bound- 
ary between  the  sap-wood  and  heart-wood  is  in  general  distinctly 
marked,  as  if  the  change  from  the  former  to  the  latter  occurred  in  a 
single  year. 

The  following  is  taken  from  the  EneydopcEdia  Britannica,  article 
Timber : 

English  oak 12  to  15 

Chestnut 5  or    6 
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Elm :il)outlO 

Scotch  fir '. "     30 

Memel  fir "      H 

Yellow  piae "      42 

There  are  certain  characteristics  of  strong  and  durable  timber, 
to  what  class  soever  it  may  belong.  That  specimen  will  in,  gene- 
ral be  the  strongest  and  most  durable  which  has  grown  the  slowest, 
as  shown  by  the  narrowness  of  the  annual  rings.  The  cellular  tissue, 
as  seen  in  the  medullary  rays,  when  -visible,  should  be  hard  and 
compact. 

The  vascular  or  fibrous  tissue  should  adhere  firmly  together,  and 
should  show  no  wooliness  at  a  freshly-cut  surface,  nor  should  it  clog 
the  teeth  of  the  saw  with  loose  fibres.  If  the  wood  is  colored,  dark- 
ness of  color  is  in  general  a  sign  of  strength  and  durability.  The 
freshly-cut  surface  of  the  wood  should  be  firm  and  shining,  and 
should  have  somewhat  of  a  translucent  appearance.  A  dull,  chalky 
appearance  is  a  sign  of  bad  timber. 

In  wood  of  a  given  species  the  heavier  specimens  are  in  general 
the  stronger  and  the  more  lasting.  Amongst  resinous  woods  those 
which  have  the  least  resin  in  their  pores,  and  amongst  non-resinous 
woods  those  which  have  the  least  sap  or  gum  in  them,  are  in  general 
the  strongest  and  most  lasting. 

Timber  should  be  free  from  such  blemishes  as  "clefts,"  or  cracks 
radiating  from  the  centre ;  "  cvp-skahs,"  or  ci-acks  ivliich  partially 
separate  one  annual  layer  from  another  ;  "  iipaeh,"  where  the  fibrea 
have  been  crippled  by  compression ;  "rind-galls,"  or  wouhds  in  the 
layer  of  the  yiwA,  which  have  been  covered  and  concealed  by  the 
growth  of  suhseijuent  layers  over  them;  and  "hollmva"  or  ^pon^y 
places  in  the  centre  or  elsewhere,  indicating  the  commencement  of 
decay. 

Among  the  different  kinds  of  timber  may  be  enumerated  the  fol- 
lowing as  superior  to  all  others :  teah,  live  tiah,  English  and  AJriean 
oak,  and  oaks  of  Continental  Europe.  These  woods  are  generally 
classed  as  twelve  years  when  well  seasoned.  Mahogany,  ash  and  Cuba 
sahieu  are  generally  classed  ten  years.  After  which  come  white  oak, 
spruce  pine,  haekmataek,  sineet  chestnut,  elm,  fir,  yellow  pine  and  many 
others.     "  Lloyd's  rules"  will  show  their  relative  values.    The  woods 
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most  ill  use  in  tlii.  coUDtrj  «re  live  o.li,  ,-Iiile  oalt,  liackmatao]:, 
chestnut,  elni,  spruce  pine  and  yellow' pine. 

Of  all  lyoods,  the  teak,  live  oak  and  Engliil,  oak  .to  the  most 
valuable  for  ship-building  purposes. 

The  best  soil  upon  which  to  groiv  timber  i«  one  iihich,  oilhout 
bemg  too  diy  and  porous,  allows  water  to  escape  freely,  such  as  gravel 
miied  with  sandy  loim.  The  most  injurious  soil  to  trees  is  that  of 
a  swampy  nature,  containing  stagnant  water ;  it  never  fails  to  make 
the  timber  weak  and  perishable. 

There  is  a  certain  age  of  maturity  at  which  each  tree  attains  its 
greatest  strength  and  durability.  If  out  dom  before  that  age,  the 
tree  is  not  only  smaller,  but  contains  a  greater  pTOpertion  of  sap- 
wood,  while  the  heart-wood  is  las  strong  and  lasting.  If  allowed  to 
grow  too  long,  the  centre  of  the  tree  becomes  either  brittle  or  soft, 
and  decay  seln  in.     The  following  data  are  from  Trodgold's  tables : 

^'^ 60  to  200  years— average  100  years. 

Ash,  elm  and  larch 50  to  100     " 

Fit 70  to  100     ■' 

The  best  season  for  felling  timber  is  'that  during  which  the  sap  is 
»o(  circnlating— that  is,  in  cold  and  temperate  climates,  llie  waiter, 
and  in  tropical  climates,  the  dn,  s,mn:  for  the  sap  tends  to  decom- 
pose, and  so  cause  the  decay  of  the  timber.  *  . 
The  bark  (so  say  the  best  authoritiffl)  shonM  be  stripped  off  the 
preceding  spring  before  felling. 

Immediately  after  the  timber  has  been  felled,  it  should  be  -iqmnd," 
by  sawing  off  four  "sfas,"  from  the  log,  in  order  to  give  the  air  ac- 
cess to  the  wood  and  hasten  its  drying.  If  the  log  is  large  enough, 
it  may  be  sawed  into  halves  and  quartere. 

Seaiomng  timber  consists  m  expelling,  as  far  as  possible,  the 
moistui.  which  is  contamed  in  its  pores,  miml  mtmmmj  consists 
in  simply  exposing  the  timber  freely  to  the  air  in  a  dry  place, 
sheltered,  if  possible,  from  sunshine  and  high  winds.  The  season- 
ing-yard and  the  timber-shed  floors  should  be  paved  and  well  dramed, 
and  the  timber  supported  on  stone  or  cast-iron  bearers,  and  piled  so 
as  to  admit  of  the  free  circulation  of  the  air  over  all  the  surfaces  of 
the  pieces. 

Katural  seasoning  to  fit  timber  for  carpenters'  work  usually  oc- 
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cupies  about  two  years ;    for  joiners'  work,  about   four  years ;  but 
much  longer  periods  are  sometifaes  employed. 

To  steep  timber  in  water  for  a  fortnight  after  felling  it,  extracts 
part  of  the  sap  and  makes  the  drying  process  more  rapid. 

The  best  method  of  artificial  seasoning  consists  in  exposing  the 
timber  in  a  chamber  or  oven  to  a  current  of  hot  air.  In  one  process 
the  current  of  hot  air  is  impelled  by  a  fen  at  Ae  rate  of  about  100 
feet  per  second,  and  the  fan,  air-passE^es  and  chamber  are  so  pro- 
portioned tliat  one-thu-d  of  the  volume  of  air  in  the  chamber  is  blown 
through  it  per  minut«.  The  best  temperature  for  tlie  hot  air  varies 
with  the  kind  and  dimensions  of  the  timber ;  thus,  for 
Oak,  of  any  dimensions,    the  temperature 

should  not  exceed 105°Falir. 

Leaf-woods  in  general,  in  logs  or  large  pieces     90°  to  100"    " 

Pine  woods  in  thick  pieces 120 

"       in  thin  boards ISCtoSOO"    " 

Bay  mahogany  in  1-inch  boards 280°  to  300° 

The  time  required  for  drying  is  as  follows : 

Thickness  in  inches 1,  %  3,  4,  6,    8, 

Time  in  weeks 1>  %  3,  4,  7,  10, 

the  current  of  hot  air  being  kept  up  for  twelve  hours  per  day  only. 

Timber  in  seasoning  loses  from  6  to  40  per  cent,  in  weight,  and 
from  2  to  8  per  cent,  in  transverse  shrinkage. 

Elm  loses  the  most ;  oak,  yellow  pine  and  maliogany  are  next ; 
larch  loses  the  least. 

All  kinds  of  timber  are  most  lasting  when  kept  constantly  dry 
and  at  the  same  time  freely  ventilated. 

Timber  kept  constantly  wet  is  softened  and  weakened,  though  it 
does  not  necessarily  decay ;  there  are  some  exceptions  to  this,  how- 
ever, as  elm  and  live  oak.  The  situation  of  alternate  wetness  and 
dryness,  or  of  a  slight  degree  of  moisure  accompanied  by  heat  and 
confined  wr,  is  the  least  favorable  to  durability. 

For  pieces  of  carpentry  which  are  exposed  to  these  causes  of  decay, 
such  as  the  planking  of  a  ship's  aide,  the  stem  and  stem-post,  timbers 
of  the  hold,  etc.,  the  most  durable  kinds  of  timber  only  should  be  em- 
ployed, and  proper  precautions  should  be  taken  for  their  preservation. 
Timber  exposed  to  confined  air  alone,  without  the  presence  of  any 
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considerable  quantity  of  moisture,  decays  by  "dry  rot,"  which  is 
accompanied  by  the  growth  of  fungus,  and  finally  converts  the  wood 
into  a  fine  powder. 

Among  the  most  efficient  means  of  preserving  timber  are  good 
seasoning  and  the  free  circulation  of  air. 

Protection  against  moisture  is  afforded  by  oil  paint,  provided  that 
the  timber  is  perfectly  dry  when  first  painted,  and  that  the  paint  is 
renewed  from  time  to  time.  A  coating  of  pitch  or  tar  may  be  used 
for  the  same  purpose. 

Protection  against  the  dry  rot  may  be  obtained  by  saturating  tlie 
timber  with  solutions  of  particular  metallic  salts.  For  tliis  purpose 
Chapman  (the  Swedish  architect)  employed  copperas  (sulphate  of 
iron) ;  Jlr,  Kyan,  corrosive  sublimate  (bi-chloride  of  mercury) ;  Sir 
Wm.  Burnett,  chloride  of  zinc.  The  two  last  methods  are  generally 
known  as  tlie  "Kyaoizing"  and  the  "  Eurnettizing"  processes. 

All  tliese  salte  preserve  the  timber  so  long  as  they  remain  in  its 
pores,  but  it  would  seem  that  they  are  gradually  removed  by  the 
long- continued  action  of  water,  Dr,  Boucherie  employed  a  solution 
of  sulphate  of  copper  in  about  one  hundred  times  its  weight  of  water. 
The  solution,  being  contained  in  a  tank  about  30  or  40  feet  above  the 
level  of  the  log,  descends  through  a  flexible  tube  to  a  cap  fixed  on 
one  end  of  the  log,  whence  it  is  forced  by  the  pressure  of  the  column 
of  fluid  above  it  through  the  tubes  of  the  vascular  tissue,  driviug  out 
the  sap  before  it  at  the  otlier  end  of  the  log,  until  tlie  tubes  are 
cleared  of  sap  and  filled  with  the  solution  instead.  Timber  is  also 
protected  by  first  exhausting  tfie  air  and  moisture  from  it  in  an  air- 
tight vessel,  and  then  forcing  creosote  (a  kind  of  pitch  oil)  into  the 
pores  of  the  wood.  The  timber  absorbs  from  a  ninth  to  a  tweljik  of 
its  weight  of  the  oil.  This  is  known  as  Bcthell's  process,  and 
seems  to  he  one  of  tlie  best  in  use. 
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SiiAnsG  the  frames  of  iron  vessels  consists  mainly  in  cutting  or 
shearing  the  angle-iron  bars  to  tlie  proper  length,  bending  them  so  as 
to  give  the  proper  figure  to  the  moulding  edge,  and  beveling  them. 

I.  The  shearing  of  angle  iron  is  usually  performed  by  a  machine 
consisting  of  a  fixed  and  movable  cutter;  the  fixed  cutter  is  of  the 
form  of  a  right-angled  triangular  notch,  in  which  the  angle  iron  to 
be  cut  is  laid  with  the  angle  downward ;  the  movable  cutter  is  a  solid 
right-angled  triangle,  with  the  right  angle  pointing  downward ;  it  is 
fixed  in  the  lower  end  of  a  block  which  slides  between  vertical 
guides,  and  has  a  reciprocating  motion  given  to  it  by  an  eccentric 
upon  a  rotating  shaft,  making  twenty  revolutions  per  minute  or  there- 
abouts. The  effort  required  to  shear  a  piece  of  iron  is  about  50,000 
lbs.  per  square  inch  of  the  area  of  the  shorn  surface ;  the  work  per- 
formed is  about  equal  to  that  effort  multiplied  by  half  the  thickness 
of  the  piece  in  the  direction  of  the  Shearing.  For  an  equal  area  of 
steel  the  efibrt  is  probably  about  double. 

II.  The  bending  of  angle-iron  frames  to  any  sliarp  curvature  is 
usually  done  while  hot,  upon  a  level  platform  composed  of  large 
plates  of  cast  iron  called  leveling-blocks,  leveling-slahs  or  leveling- 
2ilates.  These  plates  are  completely  covered  with  holes  about  li 
inches  in  diameter,  and  4  or  5  inches  apart  from  centre  to  centre. 
The  wooden  mould  of  a  given  frame  having  been  laid  on  the  leveling 
plates,  the  figure  of  the  moulding  edge  is  marked  on  them  with 
chalk,  and  iron  pins  are  stuck  in  the  holes,  so  that  when  the  iron  rib 
is  made  to  touch  those  pins  it  shall  have  the  proper  form.  In  order 
the  more  easily  to  produce  any  required  figure,  the  heads  of  the  pins 
are  furnished  with  eccentric  discs  or  cams,  by  the  shifting  and  turn- 
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mg  of  -which  the  figure  of  the  frame  can  be  adjusted  with  great  pre- 
cision. Every  disc  has  several  centre  holes,  any  one  of  which  can  be 
fitted  on  the  pin.  The  iron  bar  for  the  franie  having  been  raised  to 
a  bright  orange  heat  m  a  reverberatory  furnace  called  a  reheating 
furnace,  is  taken  out  by  the  smiths,  laid  ou  tlie  leveling-plates  and 
rapidly  bent  by  means  of  tongs,  hammei-s,  mallets  and  levers,  so  as 
to  lie  touching  the  heads  of  the  pins. 

Care  should  be  taken  that  just  enough  of  air  for  complete  combus- 
tion, and  no  more,  is  admitted  into  tlie  reheating  furnace,  for  any 
escesB  of  air  burns  the  iron.  In  tact,  for  the  sake  of  safety  against 
that  evil,  it  is  best  that  the  supply  of  air  should  be  slightly  deficient, 
altliough  the  consequence  may  be  that  some  smoke  is  given  out. 

III.  Cold  bending  may  be  used  when  a  slight,  uniform  curvature 
is  to  be  given  to  a  bar,  or  when  a  slightly  bent  bar  is  to  be  straight- 
ened. It  may  be  done  by  means  of  a  maehuie  having  a  motion 
similar  to  that  of  the  shearing  machine  already  mentioned,  and  may 
be  performed  in  either  a  vertical  or  a  horizontal  plane.  One  side  of 
the  bar  to  he  bent  or  straightened  rests  against  a  pair  of  fixed  blocks 
with  slightly  rounded  surfaces.  Midway  between  tliose  fixed  blocks 
the  opposite  side  of  the  bar  is  pressed  upon  by  a  block  having  a 
reciprocating  iflotion.  The  position  of  the  fixed  blocks  and  the 
length  of  stroke  of  the  movable  block  are  capable  of  adjustment 
according  to  the  alteration  to  be  produced  in  tlie  figure  of  the  bars. 
After  each  stroke  of  the  movable  block  the  bar  is  pushed  or  dragged 
fon\-ard  through  a  distance  equal  to  about  half  the  space  between 
the  fixed  blocks. 

IV.  Beveling  of  angle-iron  frames,  according  to  the  bevelings 
given  on  the  beveling  boards,  is  performed  by  smiths  while  tiie  iron 
is  lying  hot  upon  the  leveling  plates  at  the  same  time  with  the 
bending,  and  it  is  done  by  opening  or  ehsing  the  angle  iron,  accord- 
ing as  the  beveling  forms  an  obtuse  or  an  acute  angle.  This  opening 
or  closing  is  an  operation  not  only  difiicult  to  perform  correctly,  hut 
very  straining  to.the  material  itself  at-  the  angle,  and  is  alu-ays  more 
or  less  injurious  to  its  strength.  It  therefore  requires  carefnl  super- 
intendence ;  and  special  attention  should  be  paid  to  the  flatness  of 
theouter  or/ajiint;  surface  ofthe  side  arm  of  the  angle  iron,  to  which 
the  plating  ofthe  ship  is  to  be  riveted;  for  if  the  opening  or  closing 
is  carelessly  done,  that  surface  becomes  concave  instciid  of  flat,  and 
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the  riveting  of  the  plating  to  it  cannot  be  made  secure.  Care  should 
also  be  taken  that  the  frames  are  not  split  at  the  inside  or  outside  of 
the  angle  by  tlie  great  strain  that  the  process  of  opening  or  closing 
produces  there. 

Shaping  plates  consists  chiefly  in  cutting  them  to  the  required  size 
aad  figure,  planing  their  edges  and  bending  them.  The  figures  and 
sizes  of  the  plates  should  be  shown  on  the  expansion  of  ike  s&iu,  on. 
which  their  thicknesses  should  also  be  written  or  indicated  by  colors 
or  shading.  Tlie  plates  should  come  from  the  manufiicturer  as  nearly 
as  practicable  of  the  proper  dimensions,  so  that  there  may  be  as  little 
cutting  needed  as  possible ;  but  some  cutting  will  alivays  be  required, 
especially  near  the  ends  of  the  vessel. 

I.  The  cutting  of  plates  is  done  by  means  of  a  shearing  machine 
of  sufficient  size  and  power.  The  cast^steel  cnttei-s  are  both  straight. 
The  lower  cutter  is  fixed  and  horizontal ;  the  upper  or  movable  cutter 
has  a  slight  slope,  ao  that  the  shearing  of  a  plate  begins  at  one  side 
and  advances  by  degrees  toward  the  other. 

II.  Planing  the  edges  of  plates  is  required  at  butt  joints,  in  order 
that  the  fit  may  he  accurate  and  close,  for  the  sake  both  of  water- 
tightness  and  of  the  uniform  distribution  of  compressive  stress.    • 

in.  Bending  plates,  if  the  curvature  is  great,  must  be  done  after 
heating  them  in  a  reverberatory  furnace  of  suitable  dimensions ;  if 
the  curvature  is  slight,  it  can  be  performed  while  they  are  cold  by 
the  aid  of  a  machine.  The  plate,  in  passing  through  the  plate- 
bending  machine,  rests  upon  and  is  carried  forward  by  two  horizontal 
roUere  with  fixed  bearings  and  driven  by  suitable  gearing.  Between 
these  rollers  the  upper  side  of  the  plate  is  pressed  upon  by  a  free 
roller,  the  positions  of  both  bearings  of  which  are  independently 
adjustable  by  screws,  so  as  to  give  any  i-equired  curvature  to  the 
plat«,  whether  cylindrical  or  conical,  constant  or  varying. 

Punching  and  Drilling  are  the  means  of  making  the  holes  through 
which  the  pieces  of  a  ship's  framework  and  skin  are  riveted  together. 
In  either  of  these  operations  two  things  have  to  be^nsidered— ;/ii-3i, 
the  position  and  arrangement  of  the  holes ;  and  secondly,  their  figure 
and  the  means  of  producing  it. 

I.  The  position  and  arrangement  of  the  holes,  and  especially  their 
pitch,  or  distance  apart  from  centre  to  centre,  must  be  exactly  the 
same  in  two  pieces  that  are  to  be  riveted  together,  the  slightest  want 
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of  Mouncy  in  their  rartcpondence  mth  emh  other  being  f.tal  to 
good  worlmtrahip.  -Tl.e  tad  practice  of  »trelching  «ith  a  ir.fi  on 
or  over  a  pair  of  holes  »hich  do  not  tmly  corrcpond,  .o  a>  to 
make  a  partial  correction  of  the  error,  v,  never  permitted  m  good 
ship-bnilding.  The  oldest  and  simplest  ™y  of  making  the  rivet- 
hole,  in  tivo  pieeej  correspond,  where  the  holes  are  punched  or 
drilled  one  by  one,  i.  a,  follows:  The  holes' in  one  of  the  piece, 
having  been  made  in  the  first  place,  the  two  pieces  are  laid  together 
in  their  intended  relative  position ;  when  pings  dipped  m  whitening 
passed  thiongh  the  hole,  of  the  first  piece  mark  the  spots  on  the 
Mscond  piece  where  the  holes  are  to  be  made. 

That  proces.  becomes  unnecessary  when  machines  are  used  which 
can  pnnch  or  drffl  a  whole  row  of  holes  of  uniform  pitch,  so  tliat 
when  the  two  ends  of  the  rows  of  holes  m  a  pair  of  pieces  correspond, 
aU  the  intermedkte  holes  correspond  also. 

II  f  ijim  0/  We..— Drilled  holes  are  cylindrical,  being  of  the 
same  diameter  throughout ;  punched  hole,  are  conical,  being  of  the 
diameter  of  the  punch  at  the  side  where  it  go.,  in,  and  of  a  some- 
what gr»ter  diameter  at  the  opposite  side,  where  the  piece  of  metal 
from  the  hole  drops  out.  The  diameter  of  a  punched  hole  «t  the 
large  end  is  equal,  or  nearly  »,  to  that  of  the  hole  in  the  Ae.  or 
perforated  plate  of  steel  on  which  tlie  plate  or  bar  rests  that  is  being 

"""in  oricr  that  the  punching  machine  may  work  easily,  the  die  must 
be  at  least  from  ^  to  A  of  ».  inch  larger  m  diameter  than  the 
punch;  and  by  making  the  die  wider  still,  bote  of  any  degree  of 
taper  required  in  practice  ma,  be  pnnihed ;  but  it  is  only  the  smaller 
end  of  a  punched  hole  that  is  perfectly  aceniate  in  diameter  and 
position;  the  larger  end  is  apt  to  be  somewhat  irregular,  and,  if  it 
widens  very  much,  to  be  more  or  to  rough  and  ragged.  In  other 
respect,  the  conical  form  of  the  punched  holes  is  advantagcons,  as 
enabling  the  rivets  to  hold  the  plates  more  firmly. 

Hence  where  (tee  or  ™«re>yers  of  plates  or  bars  are  to  be 
riveted  together,  it  is  advisable,  for  the  sake  of  accurate  fitting,  that 
flie  holes  should  be  drilled  and  not  punched,  eicept  in  the  outermost 
hiyers ;  but  where  two  kyer,  mly  are  to  be  riveted  togetlier,  punched 
holes  will  give  a  more  firm  listening,  provided  fte  ««««  ««!.  0/  »• 
Hence  the  indispensable  role,   that  all 
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d  hole,  iladd  6ey»»d,rf/,,,,  (fa/„ji„j  „f„  c/Heplate  or 
6.r-tl,at  »,  from  the  surf.ce  ivhicli  is  to  toucl  thai  of  the  piece  to 
which  It  ,s  to  be  pivetei  I„  .  piece  ,i,h  t,vo  faying  surfaces,  the 
holes  should  be  drilled. 

The  outer  ends  of  all  rivets  in  the  outside  plating  of  an  iron  ship 
are  cmubsunt,  and  for  that  purpose  the  holes  in  the  outer  plates 
must  have  a  conical  enlargement,  which  is  sometimes  drilled  with  a 
conical  tool  called  a  coaifc^mrf  drill,  and  sometime,  made  simply 
by  punching  the  hole  of  a  sufficiently  spreading  conical  form  In 
either  case  the  hole  should  have  the  same  figure :  tlial  is  to  say,  there 
should  not  be  a  mere  conical  counter-sink  for  a  small  depth  inwai-d 
from  the  outward  end  of  the  hole,  but  He  Mire  hole  sl.ould  tonn  o„e 
«,««;  and  in  order  that  the  rivet  after  its  contraetion  in  cooling  may 
not  only  hold  the  plates  together,  but  continue  to  fit  the  hole  in  the 
outside  plate  with  equal  tightness,  Ik,  ay„  „/  ,?„,  „„  rf,„,H  j,  ■ , 
(A.yia„.  „/  a.  i„„  »r/.r.  „/  tU  in,„,od  piece  km,h  «htck  the 
nvet  passes.    See  figs.  1  and  2. 


Plates  and  bars  more  tliau 
drilled,  and  not  punched. 


Fig.  2. 
i  inch  thick  are  almost  always 
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The  force  required  to  punch  a  hole  in  strong  wrought  iron  is  about 
60,000  lbs.  for  each  square  inch  of  tlie  fractured  surface,  as  in  the 
case  of  shearing;  and  the  work  done  is  nearly  equal  to  that  force 
multiplied  hy  half  the  thickness  of  the  plate  or  bar. 

Shaping  Timber. 

By  the  conversion  of  timber  is  meant  the  cutting  (in  general,  with 
the  saw)  of  logs  of  timber  into  pieces  nearly  of  the  shape  required  in 
ship-building. 

Great  experience,  judgment  and  care  are  necessary  on  the  part  of 
the  converter  who  conducts  this  process,  in  order  that  heinay,  in  the 
first  place,  select  the  logs  best  suited  for  given  purposes,  and  then 
cut  up  those  logs  in  the  most  efficient  and  economical  way. 

The  folloiviog  are  the  chief  principles  to  be  attended  to  in  convert- 
ing timber ; 

I.  Every  piece  is  to  be  os  little  grain-cnt  as  pombU ;  in  other  words, 
the  natural  figure  of  the  fibres  of  the  wood  should  approach  as  near 
as  possible  to  that  of  the  principal  piece  to  be  cut  from  it ;  thus,  long 
and  straight  logs  are  to  be  used  for  keeh,  keehons,  etc.,  and  for  saw- 
ing into  planh  and  thick  stuff';  shorter  straight  logs  for  bemm,  stern- 
posts,  etc. ;  more  or  less  curved  (or  compass)  pieces  for  stems,  futtoeks, 
transoms,  etc ;  and  the  most  crooked  pieces  for  kooh  and  hiees. 

II.  Besides  cutting  one  or  more  principal  pieces  from  a  log  in  the 
best  possible  way,  regard  should  be  had  to  the  economical  conver- 
sion of  the  remainder  of  the  log  into  smaller  pieces,  such  as  chocks, 

III.  Regard  should  be  had  to  the  blemishes  of  the  timber  in  con- 
verting it  If  these  are  of  a  bad  kind,  and  especially  if  they  consist  in 
decay,  the  blemished  parts  must  be  cut  out  and  rejected.  Clefts  and 
shakes  of  small  extent,  in  a  large  piece  of  timber,  may  be  prevented 
from  injuring  its  strength  much,  if  care  be  taken  to  convert  it  in  such 
a  maimer  that  the  damaged  places  shall  be  near  the  middle  of  the 
depths  of  the  piece. 

IV.  For  thick  stuff  and  planking,  unblemished  and  straight- 
grained  timber  alone  should  be  used.  In  sawing  timber  with  "silver 
grain"  or  laa'ge  medullary  rays,  into  planks,  care  should  be  taken 
that  the  silver  grain  does  not  quite  run  through  the  planks,  other- 
wise they  will  ho  liable  to  be  split  by  the  fastenings. 
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V.  As  the  top  of  a  log  is  naturally  more  durable  than  the  butt, 
the  tutts  of  pieces  of  timber  should,  as  much  as  possible,  be  placed 
in  those  situations  in  the  ship's  framing  ivhieh  expose  them  least  to 
causes  of  decay ;  for  example,  the  butt  of  a  log  should  be  tlie  heel 
rather  than  the  head  of  the  stem-post,  because  wood  lasts  longer 
when  always  wet  than  when  alternately  wet  and  dry. 

Steaming  and  Bending. — In  the  scarcity  of  naturally  crooked 
timber,  pieces  o^  wood  may  be  bent  artificially,  having  first  been 
softened  by  steaming  or  boiling.  On  being  again  dried,  while  in 
the  bent  position,  the  timber  recovers  its  hardness  and  retains  its 
curvature. 

The  bending  apparatus  may  be  varied  very  much  In  detail;  but 
essentially  it  consists  of  two  rounded  cast-iron  blocks  pressing  upon 
that  side  of  the  timber  which  is  to  be  convex,  near  its  cods,  and 
one,  two,  three  or  any  required  number  of  such  blocks  pressing 
against  the  intermediate  parts  of  that  side  of  the  timber  wbich  is  to 
be  concave,  the  position  of  each  block  being  adjusted  to  the  requii-ed 
curvature  by  means  of  a  powerful  screw.  So  far  as  the  fibres  of  the 
wood  are  compressed  while  in  the  soft  state,  it  is  found  that  their 
strength  is  but  little  impaired ;  .but  so  fiir  as  tliey  are  stretched  to 
any  material  extent,  they  are  permanently  weakened.  To  prevent 
this  evil,  before  the  bending  is  comnjeuced  a  piece  of  plate  iron,  BB, 


Fjg.  3. 

(fig.  3)  of  the  same  breadth  with  tlie  timber,  and  somewhat  longer, 
is  placed  in  contact  with  tliat  side  of  the  timber  which  is  to  be  made 
convex  ;  and  to  that  plate  are  riveted  or  bolted  a  pair  of  angle-iron 
abutments,  CC,  in  close  contact  with  the  ends  of  the  timber.  When 
the  timber  thus  guarded  is  bent,  the  iron  plate  and  abutments  prevent 
any  appreciable  stretching  of  its  fibres,  so  that  the  whole  bending 
takes  place  by  compression ;  and  the  result  is,  that  the  bent  timber  is 
not  sensibly  weaker  than  a  naturally  bent  piece  of  the  same  figure. 
The /oniiiVi^  and  (™jwftm(7  of  timbers  consist    in  taking  the  eon- 
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verted  pieces  of  wood  and  shaping  them  exactly  to  the  required 
figures  by  first  sidin</  them,  or  giving  them  the  corj-ect  breadths ; 
secondly,  moulding  them,  or  giving  them  the  correct  outlines  and 
depths;  and  thirdly,  leveling  them,  where  that  operation  is  required. 
Pieces  that  lie  or  stand  amidships,  like  the  keel,  stem,  stern-post, 
dead-wood,  keelson,  et«.,  are  sided  by  laying  off  the  half  siding  each 
way  from  a  central  plane.  Tliey  are  then  moulded  by  being  cut  to 
the  shape  and  dimensions  of  the  moulds  furnished  from  tlie  motM- 
lojt,  which  show  not  onJy  the  outlines  of  the  several  pieces,  but  tho 
forms  aud  positions  of  the  searphs  by  which  they  are  to  be  joined 
together. 

The  stem,  with  the  dead-wood  and  other  adjoining  pieces,  haviug 
been  tree-nailed  and  aoaked  together,  the  etatlous  for  hooks  and  for 
cantrframes  are  marked  on  them,  and  the  rabbet  for  stepping  the  cant 
frames  is  cut.  The  same  description  applies  to  the  dead-wood  and 
other  pieces  adjoining  the  stem-post. 

Pieces  that  have  a  moulding  side,  such  &s  frame  titnhers,  are  in  the 
first  place  trimmed  truly  plane,  or  "  out  of  winding,"  as  it  is  called, 
on  the  moulding  side ;  the  siding  is  then  laid  off  from  that  side ;  then 
the  mould  is  laid  upon  the  .moulding  .sides  of  the  timber,  and  the 
moulding  edge  drawn  and  cut  to  its  true  figure ;  then  tlie  sinnarh, 
or  points  of  intersection  of  the  moulding  edge  with  the  ribband-lines, 
and  tlie  other  beveling  points  are  marked ;  tlien  the  depths  are  laid 
off  so  as  to  enable  the  inner  edge  of  the  moulding  side  to  be  drawn 
and  cut;  and  lastly,  the  piece  i?  trimmed  to  the  true  beveling,  which 
is  shown  for  each  sirmark,  etc.,  on  the  beveling  board,  and  is  trans- 
ferred to  the  timber  by  the  aid  of  the  bevel,  an  instrument  consisting 
of  two  straight-edge  pieces  hinged  together— one  called  the  stock, 
which  is  applied  to  the  moulding  side,  and  at  right  angles  to  the 
moulding  edge ;  and  the  other  called  the  tong^ie,  which  'v  ?et  so  as 
to  form  the  proper  angle  of  beveling  with  the  stock,  and  which 
touches  the  beveling  surface  of  the  timber  when  it  is  correctly 
formed. 

Coai-3.— Where  two  pieces  of  timber  are  to  be  connected  hy  a 
cylindrical  cook  or  dowel,  they  arc  laid  together  in  tlieir  pi'oper  rela- 
tive position,  and  a  hole  is  bored  with  a  small  auger  through  both 
pieces  at  once,  to  mark  the  centre  of  the  coak ;  then  a  hole  of  the 
diameter  and  half  depth  of  the  coak  is  bored  from  thn  Jai/i/iy  wurface 
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of  each  piece  with  a  drilling  tool  of  the  proper  size,  in  what  is  called 
a  doivel  engine.  The  cylindrical  coaks  themselves  are  turned  out  of 
hard  and  durable  wood. 

A  inot-tise,  or  sunk  eoak,  is  a  hollow  cut  in  a  piece  of  timber  to  fit 
a  tenon  or  raised  eoak  on  another  piece.  This  is  usually  known  as 
tabling. 

When  cut  by  hand,  mortises  and  tenons  are  generally  rectangular ; 
when  a  mortise  is  cut  by  machinery,  it  is  ofim  oblong,  with  semi- 
circular ends,  being  made  by  means  of  a  boring  tool  which  has  a 
traversing  motion  from  side  to  side  e^ual  in  extent  to  the  length  of 
the  straight  aides  of  the  mortise.  Sijuare  morti=es,  however,  are 
sometimes-cut  by  a  machine  tool,  consisting  of  a  hollow  square  chisel 
having  an  auger  working  through  it,  nhich  removes  the  chips  pro- 
duced by  the  chisel  along  with  those  produced  by  its  own  action. 

Tree-nails  are  turned  out  of  hard,  strong  and  durable  timber,  such 
as  the  best  oak,  teak  or  locust.  The  only  woods  suited  for  this  pur- 
pose are  those  which  have  considerable  strength  aerosa  as  well  as 
along  the  grain.  The  diameters  of  tree-nails  range  from  1  inch  to 
It  inches. 

Compressed  Iree-naih  are  made  by  a  machine  in  which,  atler  having 
been  softened  by  steaming,  they  are  forced  in  at  the  larger  end  and 
out  at  the  smaller  end  of  a  tapering  steel  tube,  so  as  to  reduce  them 
to  about  two-thirds  of  their  original  diameter.  Upon  being  again 
moistened,  they  gradually  swell  out  to  their  former  size.  They  make 
a  very  tight  listening,  but  are  not  to  be  used  except  in  large  and 
thick  pieces  of  timber,  lest  by  swelling  they  should  split  the  pieces 
they  are  used  to  connect 

Shaping  machines  for  wood.-^Thc  most  generally  used  machines 
for  working  in  timber  are  satvs  of  different  kinds.  Those  for  making 
straight  cuts,  as  where  the  timber  is  to  be  sawed  into  planks,  may  be 
either  circular  or  reciprocating.  The  log  to  be  sawed  is  supported  in 
a  movable  frame  called  a  carriage,  by  the  slow  motion  of  which  it  is 
fed  to  the  saw.  The  fe^d  motion  to  circular  saws  is  usually  horizon- 
tal ;  to  reciprocating  saws,  either  horizontal  or  vertical,  according  as 
the  saw  is  vertical  or  horizontal.  A  vertical  saw  usually  cuts  during 
its  down  stroke  only,  and  the  feed  motion  therefore  takes  place  wholly 
during  the  down  stroke,  and  ceases  during  the  up  stroke.  A  horizon- 
tal saw  may  cut  both  ways,  and  then  the  feed  motion  is  continuous  ; 
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and  the  motion  of  the  saw,  which  is  straight,  takes  place  upoa  guides 
slightly  curved  in  a  direction  convex  toward  the  advancing  log,  in 
order  that  the  cutting  action  of  each  tooth  of  the  saw  may  take  place 
in  a  direction  toward  the  centre  of  the  log,  and  that  at  the  same 
time  the  order  in  which  successive  teeth  of  the  saw  come  into  action 
may  be  from  the  centre  to  the  outside. 

Eeciprocating  machine  saws  should  have  the  reactions  due  to  their 
motions  carefully  counterpoised,  so  that  there  may  be  a  "  mnning 
balance"  as  well  as  a  "standing  balance,"  otherwise  the  machinery 
when  working  fiist  will  overstrain  both  itself  and  the  building. 

A  machine  saw  for  cutting  out  covxpass  or  carved  timber  is  usually 
an  endless  flexible  band  of  steel  with  saw  teeth  on  its  edge,  carried 
and  driven  by  pulleys,  and  passing  downward  through  a  hole  in  a 
cast-iron  table.  A  piece  of  wood  being  placed  on  the  table  and 
properly  guided,  may  have  a  saw  cut  made  in  it  of  any  required 
figure ;  and  by  tilting  the  table,  or  inclining  the  band  saw,  or  by 
both  motions  combined,  the  cut  may  be  beveled  in  any  required 
manner. 

In  Bkaping  machines  for  cutting  long  pieces  of  timber  to  cross 
sections  suited  for  phtnk-sheers,  rails,  thick  water-ways,  etc.,  the  tim- 
ber is  usually  fed  horizontally  by  a  carriage  moving  like  that  of  a 
sawing  machine  to  a  set  of  rapidly  rotating  discs  armed  with  steel 
cutters  resembling  chisels  and  small  edges ;  the  arrangement  of  the 
discs  and  cutters  is  capable  of  being  varied,  so  as  to  produce  differ- 
ent forms  of  cross  section. 
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The  operation  of  "  laying  down"  consists  partly  in  making  full-sized 
drawings  of  tlie  ^rame  and  skin  of  a  ship  upon  the  floor  of  the  moidd- 
hft,  and  partly  in  the  construction  of  moulds  and  beveling  boards  for 
various  pieces  of  the  frame ;  moulds  being  full-sized  patterns  of  the 
same  figures  and  dimensions  as  the  moulding  sides  of  the  pieces 
which  they  represent,  and  beveling  hoards,  flat  pieces  of  wood  on 
which  the  bevellngs  of  the  several  pieces  are  marked.  .Tlie  object  is 
to  provide  full-sized  representations  of  the  several  parts  of  the  ship, 
so  that,  when  the  timber  or  iron  is  shaped  from  these  representations 
and  put  together,  a  ship  shall  be  formed  agreeing  exactly  with  the 
design  of  the  naval  architect. 
.  I.  Full-sized  drawings  are  made  on  the  carefully  leveled  and 
planed  floor  of  the  mould-loft.  Lines  for  temporary  pui-poses  are 
usually  drawn  with  _chalk ;  lines  which  are  to  be  permanent  are 
rai^d  ov  scribed  on  the  floor  with  a  pointed  tool  called  a  seriber.  The 
drawings  on  the  floor  should  be  mfxdefi:omtl\e"bui!dinffdraugkt,"or 
they  may  bo  made  directly  from  the  "  calculation  draught"  or  (i-om  a 
"water-line  model." 

In  the  mould-loft  drawings,  the  full  size  and  moulding  edge  of 
every  frame  must  be  shown.  Aftor  a  few  of  the  principal  frames 
have  been  drawn,  the  intermediate  frames  must  be  marked  at  their 
stations  in  the  sheer  and  half-breadth  plans,  and  their  figures  marked 
in  the  body-plan  by  the  aid  of  a  sufficient  number  of  level-lines,  but- 
tock-lines or  ribband-lines,  the  last  being  the  most  commonly  used. 
The  point  where  a  ribband-line  cuts  a  frame  is  called  a  sirmarL 
^  II.  Fairing  the  body.—The  greater  scale  of  the  full-sized  drawing 
makes  any  want  of  fairuess  in  the  sliip's  lines  more  conspicuous  in  it 
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than  in  the  buildiog  draft.  Therefore,  when  a  set  of  lines  requiring 
fairness,  viheth^T  water-lines,  level-lines,  buttock-lines  or  ribband-lines, 
have  been  copied  in  chalk  from  the  ttuilding  draft  on  to  the  raould- 
lofl  floor,  they  are  to  be  "faired"  before  being  razed  in  ;  that  is  to 
say,  any  small  irregularities  of  figure  which  were  invisible  on  the 
paper  are  to  be  smoothed  away  by  the  eye  or  by  the  aidof  an  elastic 
batten.  The  ordinate^  of  the  lines,  as  thus  faired,  are  to  be  used  in 
constructing  the  full-sized  body-plan.  A  batten  should  never  be  left 
pinned  around  a  curve  for  a  longer  time  than  is  absolutely  necessary, 
lest  its  elasticity  should  be  impaired. 

III.  Additional  ribband-lines. — The  fiill-sized  drawing  must  show 
not  merely  the  figures  of  the  parts  of  the  frame  of  the  ship,  but  the 
arrangement  of  the  pieces  of  material  of  which  those  parts  are  to  he 
built  up,  especially  when  that  material  is  timber.  For  example, 
each  of  the  frames  of  a  wooden  ship  is  made  up  of  several  lengths  of 
timber  called /ooj-s, /uffiocis,  etc.  The  joints  where  these  pieces  are 
connected  together  are  so  arranged  as  to  lie  in  a  series  of  diagonal 
lines ;  and  there  are  Urns  as  many  diagonal  lines  as  there  are  pieces 
in  a  frame  or  rib,  less  one.  It  may  not  be  necessary  to  draw  all 
these  diagonal  lines  on  paper,  but  on  the  floor  they  mnst  all  be 
drawn. 

IV.  Various  additional  lines. — ^The  moulding  edges  of  such  pieces 
of  the  frame  as  eantjrames,  counter-timbers,  breast-hooks,  transoms,  etc., 
must  all  be  laid  off  on  the  mould-loft  floor. 

V.  Arrangement  of  the  plane.— Tha  mould-loft  floor  is  seldom  large 
enough  to  show  the  plans  of  a  vessel  arranged  in  the  same  way  as  on 
paper;  and  hence  their  arrangement  has  to  be  modified  in  order  that 
they  may  be  contained  within  the  available  space.  For  example, 
the  half-breadth  plan,  instead  of  being  placed  below  the  sheer-plan, 
has  its  base  line  so  placed  as  to  coincide  with  the  base  line  of  the 
sheer-plan;  and  the  lines  of  these  two  plans  are. thus  mingled  to- 
gether. The  two  halves  of  the  body  plan,  too,  are  sometimes  drawn 
within  one-half  the  moulded  breadth,  by  being  so  arranged  that  the 
line  representing  the  upright  axis  in  each  half  of  the  body  shall  co- 
incide with  the  vertical  line  touching  the  other  half  at  its  extreme 
breadth.  The  sheer  plan  and  half-breadth  plan  are  divided  into  as 
many  divisions  as  the  length  of  the  ship  compared  with  that  of  the 
floor  may  render  necessary;  and  each  such  division  has  a  few  stations 
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nt  each  end  common  to  it  and  the  adjoining  division,  to  facilitate  the 
fairing  of  the  lines. 

VI.  Some  differences  in  the  manual  operations  of  drawing  on  the 
floor  and  on  paper  arise  from  the  difference  of  scale.  For  example, 
when  straight  lines  on  the  floor  are  too  long  to  be  drawn  by  a  straight- 
edged  ruler,  they  are  marked  by  means  of  a  chalked  cord.  If  the 
ordinates  are  found  by  ealculation,  the  full-sized  drawings  may  be 
laid  ofl'  at  once  from  a  table  of  calculated  ordinates,  without  the  ne- 
cessity of  copying  from  a  drawing  on  paper, 

2foulds  are  often,  for  the 
sake  of  lightness,  composed 
of  a  skeleton  framework  of 
battens,  having  just  strength 
and  stiffness  enough  to  pre- 
serve a  correct  figure;  and 
in  the  case  of  frame",  one 
mould  is  so  contrived  as  to 
serve  for  several  frames. 
For  example,  fig.  4  repre- 
sents a  Jloor  mould  which  is 
a  portable  copy  of  the  lower 
part  of  the   full-sized    body 

pI.B. 

It  consists  of  two  similar 
halves,  one  only  of  vhicb  is 
completely  shown,  hinged  to- 
gether at  the  vertical  joint 
between  the  pieces  A  and  B, 
which  joint  represents  the 
longitudinal  midship  plane 
of  the  ship.  The  breadth  of 
each  of  the  pieces,  A  and  B, 
represents  the  half  siding  of 
the  broadest  part  of  the  keel. 
Fig.  4.  The  transverse  lines  marked 

upon  the  piece  A,  and  num- 
bered, show  the  heights  at  which  a  series  of  fi^mes,  numbered  con- 
secutively up  to  24,  spring  from  the  rising  line  or  stepping  line;  the 
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corresponding  transverse  lines  on  the  piece  B  show  the  heights  at 
which  the  inner  surfaces  of  the  same  frames  meet  the  cutting  down 
line.  The  lower  edge  of  the  batten,  CC,  represents  the  moulding 
edge  of  the  floor  part  of  the  midship  frame.  The  upper  edge  of  the 
diagonal  battens,  DiDjDjD,,  represents  ribbaiid-1  ines  on  the  body  plan ; 
and  upon  these  battens  are  drawn  and  numbered  lines  mai-king  where 
they  are  crossed  by  the  series  of  frames  already  mentioned. 


Fig.  5. 


Fig.  5  exemplifie-s  &fuitock  mould.  The  upper  edges  of  the  diago- 
nal battens  represent  ribband -lines,  as  hcfore ;  the  outer  edges  of  the 
two  curved  battens  represent  the  moulding  edges  of  portions  of  two 
frames ;  and  the  figures  of  the  frames,  intermediate  between  those  two, 
arc  shovyn  by  the  numbered  lines  marked  across  the 
diagonal  battens. 

When  a  part  of  the  ship's  frame  is  built  up  breadth- 
wise as  well  as  lengthwise  of  several  pieces  of  timber 
(as  is  the  case  with  the  deadwood  forward  and  aft), 
the  mould  is  a  flat  board  whose  outline  is  the  same 
as  that  of  the  part  represented  by  it,  and  on  which 
are  drawn  lines  showing  the  "  shift" — that  is,  the  ar- 
rangement of  the  pieces  of  which  that  part  is  to  be  built. 

Bevding-hoards. — 'The  "bevelings"  of  the  ship's 
frames  at  a  sufficient  number  of  points  haying  been 
determined,  are  marked  upon  a  series  of  "beveling 
boards"  such  as  that  represented  ia  fig.  6,  The  dis- 
tance between  the  parallel  lines,  AB  and  CD,  is  equal 
to  tlie  half  siding  of  the  frames  to  which  the  board       Fig.  6. 
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and  the  numbers  of  those 
frames  are  marked  opposite  to  a 
series  of  iines,  wliich  make  angles 
with  AB  equal  respectively  to  the 
bevelings  of  those  frames  at  some 

„  particular  ribband-line.  Eachbev- 
elipg-board  is  marked  with  a  num- 
ber or  letter  showing  tlie  ribband- 
line  to  which  it  belongs. 

E'cpamion  of  skin. — To  draw  a 
full-sized  expansion  of  the  -chip's 
skin,  a  skeleton  diagram  is  first 
prepared.  The  process  of  expan- 
sion is  applied  to  the  skin  of  an 

-  intended  Uiip  in  order  to  fivcUitato 
the  laying  ofF  of  the  dimensions 
and  positions  of  the  pieces  of  which 
that  skin  is  to  be  made,  whether 
timber  planks  or  iron  plates.     Ac- 

=1  cording  to  the  ordinary  constnic- 
tion  of  sliips,  the  seams  of  the  skin 
are  nearly  longitudinal,  and  most 
of  them  run  continuously  from 
stem  to  stem,  the  lowest  being 
where  the  garboard  strahe  fits  into 
the  rabbet  of  the  keel ;  and  tha 
buiU  are  parallel,  or  nearly  so,  to 
the  adjoining  frames.  Fig.  7  rep- 
resents an  expansion  diagram  suit- 
able to  that  style  of  construction. 
The  nearly  upright  lines  represent 
frames;  the  longitudinal  curves, 
seaiiTrlines ;  aa  is  the  mid-rabbet 
line  of  the  stem,  ed  that  of  the 

•3  keel,  and  db  that  of  the  stern-post; 
and  the  curved  boundary  rising 
above  h  is  the  centre  line  of  the 
skin    of   an   elliptical   stern.      A 
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Straight  middle  body  is  represented  between  ^i  and  Kj.  The  midsliip 
frames  are  represented  by  vertical  straight 'lines. 

Seam-lines  of  the  bottom  should  coincide  with  or  be  nonnal-lmes 
crossing  the  frames  at  right  angles ;  first,  because  when  such  is  the 
case,  the  strakes  of  plank  or  of  plate,  when  beat  to  fit  tlie  bottom, 
are  curved  fiaivdse  only,  and  have  no  curvature  edgewise  (which 
curvature,  when  concave  upward,  is  called  my,  and  when  concave 
downward,  hang) ;  and  secondly,  because  the  particles  of  water  in 
general  tend  to  follow  nearly  tlie  course  of  normal-lines,  so  that  the 
overlapping  edges  of  the  strakes  of  clinker-built  vessels  cause,  on  the 
whole,  less  resistance  in  that  position  than  in  any  other. 

The  seams  of  the  upper  part  of  the  side  must  follow  the  sheer  of 
the  topside,  gunwale,  portsills  and  other  sheer-lines. 

To  make  the  expansion  diagram,  therefore,  the  constructor  com- 
mences by  drawing  on  the  body  plan  the  projections  of  a  series  of 
sheer-lines  to  guide  the  seams  of  tlie  side,  and  of  normal-lines  to 
guide  the  seams  of  the  bottom.  He  next  constructs  the  development 
of  those  seam-lines ;  then,  by  measuring  distances  on  the  body  plan 
from  the  mid-rabbet  of  the  keel  round  the  frames  to  their  points  of 
intersection  with  the  seam-lines,  and  on  the  development  drawings 
round  tbe  seam-lines,  from  the  midship  frame  to  the  same  points,  he 
is  enabled  to  consti-uct  a  figure  like  that  of  fig.  7. 

Parallel  to  the  longitudinal  and  transverse  lines  of  that  diagram 
are  to  be  drawn  the  seams  and  butts  of  the  plating  or  planking — 
proper  shift  being  given  in  every  case. 

To  meaeure  tlie  length  of  a  curved  line  on  the  mould-loft  floor,  a 
batteti  is  pinned  along  the  line,  and  has  marks  made  upon  it  at  the 
two  ends  of  tlie  part  to  be  measured.  The  batten  is  then  set  free, 
and  the  distance  between  the  marks  is  measured  when  straight. 

Laying  off  from  a  water-line  inodel. — The  curved  surfaoe  of  a 
model  to  be  used  in  laying  off  usually  represents  the  inner  surface  of 
the  ship's  skin,  and  the  dimensions  of  the  model  the  moulded  dimen- 
sions of  the  ship.  The  vertical  side  of  the  model  shows  the  sheer 
plan ;  and  upon  it  are  to  be  drawn  a  series  of  vertical  lines  represent- 
ing the  stations  of  a  number  of  frames  sufficient  to  determine  cor- 
rectly the  figure  of  the  vessel.  The  sheer  plan,  as  thus  compjeted, 
is  DOW  to  be  drawn  to  its  full  size  on  the  mould-loft  floor.  The  next 
operation  is  to  take  the  layers  of  the  model  apart,  and  draw,  upon 
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their  horizontal  surfeces,  ordinatea  at  the  stations  of  the  frames 
already  marked.  These  trdinatea,  being  measured  by  the  proper 
scale,  give  the  half-breadtha  at  the  points  where  the  several  frames 
intersect  the  several  water-lines  and  sheer-lines;  and  those  half- 
breadths  are  to  be  written  in  a  table. 

From  the  table  of  half-breadths  the  water-lines  and  sheer-lines  are 
now  to  be  eonstructed  of  the  full  size  upon  the  half-breadth  plan, 
and  faired  by  the  use  of  battens.  The  process  of  fairing  may  slightly 
increase  or  diminish  some  of  the  half-breadths ;  and  the  half-breadths 
as  thus  &ired  are  to  be  entered  m  an  amended  t'vble  The  full-sized 
body  pian  IS  then  constructed  with  the  half  breadths  as  faired ;  and 
the  remtindei  cf  the  process  presents  nothing  p  culi  ir  *  The  tables 
of  half  breadth"  may  be  used  in  the  tomj  utation  ot  moulded  dis- 
placement ind  m  other  calcuKti  ns 

Nonnal  lines  are  eisilj  dra^n  on  a  m  d  1  bj  mean  of  a  spring  or 
whalebone  batten 

By  taking  off  la  meant  the  opei  ition  of  performing  such  measure- 
ments upon  an  actual  'ship  as  ^liill  enable  hei  plans  to  be  drawn. 
The  proce-^  just  dccnbed  11  in  same  points  uimdai  in  some  differ- 
ent, since  the  myisuremtnts  h'i,\e  to  be  male  fiom  without  instead 
of  from  witlun 

For  the  pur^  c  i,  ot  taking  r  ff  '^traigi  t  piPc  ^  of  wood  are  fixed  in 
suitable  positions  neai  he  ship  sj  as  to  enclose  it  in  a  sort  of  reet^ 
angular  ca^e  ''ome  of  thee  are  horizontal  or  nearlv  so,  and  ai'o 
called  base  boards  others  are  vertical  or  ufaily  '<o  be  ng  at  right 
angles  to  the  base-boards,  and  are  called  perpendiculars.  Distances 
are  measured  outward  along  the  upper  edges  of  the  base-boards,  and 
upward  along  the  inner  edges  of  tlie  perpendiculars ;  and  from  the 
ends  of  those  distances  oidinates  are  measured  inward  to  the  external 
surface  of  the  ship;  and  these  measurements,  being  entered  in  a 
table,  furnish  the  means  of  drawmg  her  "  calculation  dratt  " 

To  find  the  figure  of  the  stem,  a  baie-board  is  fixed  running  out 
forward  in  continuation  of  the  lower  edge  of  the  labbet  of  the  keel, 
and  a  perpendicular  rising  from  that  base-board  a  shoit  distance 
ahead  of  the  stem.  Then,  by  measuring  "distances  forward"  along 
the  b^se-board,  with  "ordinates  up,"  and  also  "distances  up,"  along 

»  The  opumlion  of  "lajing  lionii"  can  lie  iearned  thoroughly  oiil;!  by  practice  in 
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the  perpendicular,  with  "ordinales  in,"  data  are  obtained  for  drawing 
the  st«m  outfcide  of  the  rabbet.  By  similar  operations,  the  figure  of 
the  fctern-post  outside  of  the  rabbet,  and  that  of  the  stern  above  the 
post,  are  determined ;  and  from  these  measurements,  together  with 
the  deptli  of  keel  below  the  rabbet,  the  outlines  of  the  sheer  plan 
can  be  drawn. 

To  obtain  a  series  of  transverse  sections,  base-boards  are  fixed 
running  out  at  right  angles  to  the  keel,  at  suitable  intervals  apart, 
such  as  10  or  12  feet,  and  perpendiculars  rising  from  those  base- 
boards so  as  just  to  clear  the  ship's  side.  Then  by  measuring  "  dU- 
tanees  out"  along  the  base-boards,  with  "  ordinales  vp"  and  "  distances 
up"  along  the  perpendiculars,  with  "  ordinates  in,"  data  are  obtained 
for  constructing  the  body  plan ;  from  which,  together  with  the  sheer 
plan,  the  half-breadth  plan  can  be  constructed,  thus  completing  the 
calculation  draft  of  tlie  ship ;  and  from  this  draft  and  thickness  of 
the  skin,  the  building-draft  may  be  deduced  if  required. 
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In  a  ship-yard  it  is  desirable  that  all  that  part  of  the  ground  which 
may  at  any  time  have  to  be  used  for  building-slipa  should  slope  uni- 
formly toward  the  water  at  an  inclination  equal,  or  nearly  equal,  to 
the  steepest  intended  inclination  of  the  sliding-ways. 

In  order  that  the  errors  of  the  compass  in  iron  vessels  may  be  as 
small  as  possible,  the  slips  on  which  iron  vessels  are  built  ought  to 
lie  in  the  magnetic  meridian,  with  the  stem  of  the  ship  toward  the 
nearest  pole  of  the  earth  (the  north  in  north  latitude) ;  and  every 
iron-clad  ship  should  be  armor-plated  with  her  head  in  the  contrary 
direction  to  that  in  which  it  lay  while  building, 

AVhcn  there  is  a  quay  embankment  or  roadway  between  the  yard 
and  the  water,  small  and  light  vessels  may  sometimes  be  launched 
over  it ;  but  for  the  purpose  of  launching  large  and  heavy  vessels,  it 
is  necessary  to  make  a  temporary  opening  in  the  quay  or  bank, 

A  building-slip  is  usually  covered  by  what  is  called  a  ship-home 
in  most  navy-yards,  and  should  generaHy  be  covered  in  private 
yards  by  a  shed  supported  by  tall  posts.  This  is  for  the  shelter  of 
the  ship  and  workmen,  and  is  specially  useful  where  a  wooden  ship 
is  to  be  left  "in  framed'  to  season  for  any  considerable  length  of  time. 
Exposure  to  the  alternate  action  of  sun  and  rain  is  very  injurious  to 
a  wooden  ship.  The  designing  and  erection  of  the  ship-houses  or 
sheds  is  properly  work  for  the  civil  engineer. 

Their  framework  may  often  be  made  use  of  to  support  traveling 
cranes  for  carrying  the  pieces  of  material  to  their  proper  places  in 
the  ship,  and  also  to  support  scaffolding  for  the  use  of  tho  workmen. 
In  building  large  ships  much  of  the  cost  of  scaffolding  and  gangways 
round  the  ship  may  be  saved  by  using  movable  plii,tforms,  h 
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by  tackles  between  properly  stayed  poles ;  each  such  platform  being 
hauled  up  or  doivn  to  the  place  where  it  is  wanted  for  the  time.  The 
remainder  of  the  yard,  where  workshops  and  stores  are  to  stand,  should 
be  level  or  nearly  so.  In  laying  out  the  various  parts  of  the  yard, 
one  object  should  be  to  make  every  piece  of  material,  as  fiir  as  possi- 
ble, travel  continuously  onward  from  its  entrance  into  the  yard  to 
the  ship  of  which  it  is  to  form  p»rt ;  hence,  as  a  general  rule,  the 
entrance  should  be  at  the  end  of  the  yard  farthest  from  the  water; 
next  to  the  entrance  should  be  the  stores  for  raw  material,  timber- 
sheds,  etc.;  then  the  workshops  and  tool-sheds,  in  the  order  of  the 
operations  performed  in  them ;  and  then  the  ground  for  the  building- 
slip.  Mould-lofts,  pattern-rooms,  model-rooms,  drawing-offices  and 
stores  for  tools  and  for  finished  parts  of  the  ship's  equipment,  should 
be  placed  so  as  to  be  easily  accessible,  both  from  the  workshops  and 
ftom  the  building-slips,  yet  so  as  not  to  interrupt  the  direct  com- 
munication between  them. 

"When  a  number  of  machine  tools  can  be  kept  constantly  at  work 
upon  a  succession  of  pieces  of  material  that  are  carried  continuously 
onward  from  the  store  to  the  tool,  and  from  tlie  tool  to  the  ship, 
those  tools  are  most  economically  driven  by  means  of  one  steam 
engine,  the  power  from  which  is  transmitted  to  the  several  tools 
through  shafting  and  belts. 
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A  SHIP  is  usually  built  upon  a  piece  of  ground  called  a  slip,  which 
in  most  cases  slopes  lengthwise  toward  the  water.  The  slip  should 
have  a  firm  foundation,  and,  if  possible,  a  floor  of  masonry,  con- 
crete, timber  or  iron.  Perfect  solidity  of  the  slip  is  essential  to  the 
strength  and  safety  of  the  vessels  built  upon  it. 

To  support  the  keel  of  the  ship,  a  row  of  temporary  building- 
blocks,  four  feet  apart,  or  thereabouts,  from  centre  to  centre,is  placed. 
Each  block  is  built  of  pieces  of  timber  one  above  another ;  the  lowest 
and  largest  of  them  are  called  groundways,  and  are  from  12  to  15 
inches  square;  and  unless  the  foundation  is  so  firm  as  to  make  it  un- 
necessary, they  lie  lengthwise  and  form  a  platform  of  timber  under 
the  ship  of  4  or  5  feet  breadth. 

The  other  pieces  lie  athwartships ;  they  gradually  diminish  in 
size,  and  are  more  or  fewer  in  number  according  to  the  height  of  the 
block,  the  uppermost  being  called  caps. 


■With  a  view  to  the  future  launching  of  the  vessel,  the  blocks  are 
made  capable  of  being  removed  from  below  her  keel.      Fig.  8  is  a 
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thwartship  view  of  a  block — GW  groundways,  CC  caps,  AB  angle- 
blocks  faced  on  the  lower  side  with  a  thin  plate  of  iron  ;  TT  wedges 
called  templates,  which  rest  on  the  groundways  and  support  the  angle- 
block,  Whea  the  block  is  to  b^  struck  or  removed,  the  templates 
are  knocked  out,  which  removes  the  support  from  the  angle-block 
and  the  pieces  above  it.  When  angle-blocks  are  not  used,  the  re- 
moval of  the  blocks  is  effected  by  splitting  the  caps. 

In  order  that  the  workmen  may  easily  get  at  the  bottom  of  the 
ship,  the  lowest  block  is  usually  made  about  two  feet  high,  and  is 
generally  under  the  forefoot  of  the  ship ;  the  heights  of  the  other 
blocks  depending  on  the  inclination  of  the  ship  and  of  the  keel. 

Three  rates  of  inclination  have  to  be  attended  to  in  building  a 
ship  ;  that  of  her  keel,  that  of  the  intended  sliding-ways  on  which  she 
is  to  be  launched,  and  that  of  the  slip. 

The  inclination  of  the  ship's  keel,  when  it  is  not  intended  to  launch 
her  on  her  keel,  is  a  matter  of  choice  and  convenience;  it  is  usually 
about  1  in  19  or  20,  descending  toward  the  nater. 

Tlie  object  of  making  it  descend  toward  the  water  is,  to  avoid  ex- 
cessive height  in  the  building-blocks  at  the  lower  end  of  the  slip, 
and  to  give  the  ship  a  bearing  on  the  water  as  soon  as  possible  when 
she  is  launched. 

Should  it  be  intended  to  launch  the  ship  on  her  keel  (as  the  French 
do),  the  inclination  of  the  keel  must  be  the  same  as  that  of  the  slid- 
ing-ways. 

The  ordinary  indlnaiiona  of  the  sliding-teays  are  as  follows : 

For  the  smallest  vessels 1  in  12  to  1  in  14, 

"    average  vessels. 1  in  16, 

"    the  largest  vessels 1  in  20  to  1  in  24, 

and  the  inclination  of  the  sliding-ways  is  made  gradually  flatter  for 
larger  vessels,  to  prevent  them  from  acquiring  an  excessive  speed 
when  they  are  launched. 

The  inclination  of  the  floor  of  the  slip  is  very  much  a  matter  of 
convenience ;  but  it  is  usual  to  make  it  steeper  than  the  steepest  in- 
clination of  the  sliding-ways  required  for  launching  the  smallest  ves- 
sel that  is  to  be  built  upon  it ;  that  is  to  say,  about  1  in  9  or  10. 

This,  however,  is  not  absolutely  necessary,  provided  care  is  taken 
to  adjust  the  heigjit  of  the  blocks  so  that  the  forefoot  of  the  vessel 
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in  launching  shall  clear  the  lower  end  of  the  slip  by  about  9  inches. 
The  heights  of  the  blocks  are  determined  by  constructing  a  sheer 
plan  of  the  ship,  as  shown  in  the  sketch,  fig.  9,  in  which  HH  rep- 


FiG.  9. 

resente  a  horizontal  line,  and  KF  the  lower  side  of  the  false  keel 
at  its  intended  inclination.  Through  F,  the  forefoot  of  the  vessel, 
draw  WW  at  the  intended  inclmation  of  the  sliding-ways ;  this  will 
represent  the  line  of  the  forefoot  in  launching.  Set  ofi"  2  feet  verti- 
cally downward  from  F  to  represent  the  height  of  the  foremost  block, 
and  through  the  point  thus  found  draw  SS  at  tlie  inclination  of  the 
slip.  If  SS  is  nowhere  nearer  to  WW  than  9  inches,  the  forefoot 
will  pass  sufficiently  clear  of  the  ground  in  launching ;  if  not,  the 
height  of  the  foremost  block  must  be  increased. 

The  heights  from  SS  to  KF  at  the  stations  of  the  several  blocks 
will  show  the  height  of  those  blocks ;  and  in  flat-fioored  ships  care 
must  be  taken  to  give  sufficient  height  to  the  midship  blocks,  to 
enable  the  work  of  that  part  of  the  bottom  to  be  done  easily  and  well. 

The  foregoing  is,  of  course,  based  upon  the  supposition  that  the 
ship  is  to  be  launched  in  the  ordinary  way,  stem  'foremost ;  so  that 
she  is  to  be  built  with  her  head  at  the  upper  end  of  the  slip. 

If  she  is  to  be  launched  head  foremost,  she  must  be  built  with  her 
stem  at  the  head  of  the  slip. 

Ships  (like  the  "Great  Eastern,"  for  instance)  are  sometimes 
launched  "broadside  on;"  and  then  the  inclination  of  the  slip 
must  run  athwartships,  and  its  floor  must  he  level  longitudinally. 

Or  a  ship  may  be  bUilt  in  a  dock  and,  when  complete,  floated  by 
the  admission  of  water,  instead  of  being  launched;  of  course  the  floor 
of  the  dock  must  be  level  both  ways. 
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Building-blocks  of  4  or  5  feet  high  and  upward  are  stayed  in  a  fore- 
and-aft  direction  with  oblique  shores,  to  prevent  them  from  tripping. 

Tlie  keel  of  a  wooden  ship  in  this  country  is  usually  composed  of 
white  oak,  and  in  England  of  elm,  a  wood  which  preserves  in  water, 
and  the  fibres  of  wbich  are  tough  and  well  idapted  to  receive  the 
numerous  fastenings  which  pass  through  it  Tlie  «ize  ot  the  keel 
varies  according  to  the  size  of  the  ship — ftnm  20  inches  si^uire  ("or 
20  inches  sided  and  moulded)  to  8  inches  squaie  and  e\en  lo- 

The  number  of  pieces  depends,  of  course  upon  the  length  of  the 
ship  and  the  stock  of  timber  on  hand.  In  a  first-rate  ship  of  the 
present  day  there  may  be  as  many  as  10  pieces.*  The  forward  piece 
has  the  fore  end  curved  up  so  as  to  form  what  is  called  the  boxing  or 
overlap  of  the  keel  with  the  stem.  This  mode  of  uniting  the  keel 
and  stem  is  called  a  boxing  scarph. 

The  scarphs  along  the  tread  of  the  heel  are  called  tabled  scarphs,  and 
are  formed  as  follows:  ab  (see  fig,  10)  is  the  overlap  or  length  of  the 
scarph  of  one  piece  of  the  keel, 
ed  the  overlap  of  the  other,  a  ^  \ 

a  sunken  groove,  in  dimensions      p~ "i  ■■"■"■  i  I 

one-tliird  the  width  of  the  piece, 
and  one-half  of  the  length  of 
the  scarph,  the  depth  being  one 
and  a  half  inches ;  6  the  wood 
left  above  the  plain  surface  ef, 
equal  in  size  to  the  hollow  a ; 
the  surface  of  the  scarph  of  the 
other  piece  has  the  rai=cd  wood 
at  c,  and  corresponding  nunken 
groove  at  d;  ivhen  these  two 
surfaces  are  brought  together, 
the  groove  a  receives  the  raised 
wood  e,  and  the  groove  d  re- 
ceives the  raised  wood  b,  thus  locking  the  two  pieces  of  keel  together, 
the  abutment  gh  of  3  inches  resisting  any  strain  brought  on  the  pieces 
of  keel  to  pull  them  apart.  The  length  of  the  scarph  is  determined 
by  the  distance  between  the  timbers  of  the  ship,  the  scarph  being 
long  enough  to  take  two  of  the  bolts  through  the  keelson. 

«  The  "  Merrimso's"  keel  waa  in  seven  pieees,  eBCh  over  40  feet  long. 


1 

1          iiSWi 

\ 

Fig.  10. 
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The  keel  in  iron  skips  has  various  forms,  "SVhen  it  is  a  plain  bar, 
the  lengths  of  which  it  consists  are  either  welded  or  scarphed  together, 
the  plane  of  each  scarph  being  vertical.  When  it  is  built  of  various 
pieces,  such  as  plates  and  angh-ir<ms,  they  are  made  to  breah  joint 
Trith  each  other.     Some  iron  ships  are  buiit  without  a  keeL 

In  wooden  and  composite  ships  the  keel  is,  as  before  stated,  a 
rectangular  piece  of  timber,  and  usually  of  equal  or  nearly  equal 
siding  and  moulding.  In  large  vessels  the  siding  of  the  keel  for 
about  one-sixth  or  an  eighth  of  its  length  at  each  end  is  often  tapered 
at  the  rate  of  one-eighth  of  an  inch  to  a  foot,  or  thereabouts,  at  each  side. 

The  scarphs  of  the  different  lengths  may  be  either  Iwrizontal  or 
vertical — tlie  latter,  however,  being  the  stronger  (fig.  10  is  a  vertical 
tabled  scarph). 

The  length  of  a  sciarph  should  be  at  least  three  times  the  "  mould- 
ing" or  depth  of  the  keel.* 

Wooden  ships  are  sometimes  built  upon  a  temporaiy  keel  of  inferior 
timber  to  save  the  permanent  keel  from  risk  of  decay.  In  this  case 
the  temporary  keel  has  to  be  removed  piece  by  piece,  and  the  perma- 
nent keel  fitted  in  its  place  after  the  framework  has  been  built,  and 
before  the  planking  next  the  keel  is  permanently  fastened. 

A  wooden  keel  has  in  each  side  a  triangular  groove  or  rabbet  to 
receive  the  edge  of  the  planking.  There  are  two  modes  of  forming 
this  rabbet :  both  are  shown  in  flg.  11.  The  old  method  is  shown  on 
the  left-hand  side  of  the  sketch,  the  rabbet  being  marked  abc,  leaving 
a  depth  cd  below  tiie  plank.  At  the  present  day  the  rabbet  is 
brought  to  the  lower  part  of  the  keel/,  the  lower  part  of  tlie  rabbet 
being  only  4  inches  from  e  (or/e,  equal  to  4  inches)  ;  the  rahbet  on 


Fro.  11. 

the  lower  side,  ovfg,  is  taken  out  in  the  same  way  as  ch  in  the  old 
system ;  but  the  depth, /A,  is  increased,  so  that  h  may  be  within  IJ 

•  The  s^iirpha  of  the  '■  Merrimas's"  keel  were  H  feet  from  lip  to  lip. 
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inches  or  2  inches  of  the  upper  side  of  the  keel,  as  ih ;  and  the  rabbet 
is  then  formed  to  the  figure  of  wliich  hgf'ia  a  section. 

This  formation  of  the  rabbet  admits  of  a  thick  pknk  being  worked 
nest  the  keel  as  a  garboard  drake,  and  in  fact  the=e  several  planlts 
forming  the  garboard  strakes  may  be  denominated  a  combination  of 
keel-pieees,  adding  greatly  to  the  ^itrength  of  the  ship  strength 
however,  is  not  the  only  ad^antige  g  ^en  by  this  mode  of  woiLmg 
the  garboard  planks. 

In  the  old  plan  the  depth  of  the  keel  ed  bel  \  tl  e  labbet  u6e 
formed  a  lever,  and  if  the  vessel  to  k  the  ^lonnd  isaisted  mattrially 
in  fearing  the  keel  out  of  it"  place 

In  the  modern  system  the  dHtmn/e  la  net  more  thin  a  quarter 
of  the  distance  cd,  which  diminishes  the  leverage  by  \  of  its  length 
while,  in  addition  to  this  the  extra  thickness  of  the  g'irboard  planks 
gives  greater  resistance  to  any  mo\  ement  of  the  keel  either  laterally 
or  longitudinally. 

To  increase  weatherlinesa  and  give  the  keel  a  firmer  hold  upon  the 
water,  its  depth  is  increased  by  adding  a  Jahe  keel  below  it  of  the 
same  siding  as  the  main  keel. 

The  pieces  of  the  felae  keel  are  in  a  large  ship  from  four  to  six 
inches  in  depth ;  they  are  searphed  in  the  same  way  as  the  pieces  of 
the  main  keel ;  the  bvtts  or  ends  of  each  piece  being  placed  between 
the  scarpha  of  the  main  keei,  so  aa  to  give  greater  strength  to  the  com- 
bination. The  false  keel  should  be  so  fastened  that  it  may  be 
knocked  off  without  injury  to  the  main  keel  in  case  the  vessel  runs 
aground. 

For  weatherliness,  both  wooden  and  iron  ships  are  sometimes 
furnished  with  bUge  keels.  The  English  iron-clad  "Warrior"  has 
several  of  these. 

The  depth  of  a  wooden  keel  ia  sometimes  increased  at  the  top  by 
adding  to  it  a  piece  of  deadwood  of  the  same  siding  with  the  keel, 
and  of  depth  sufficient  to  admit  of  the  floor  timbers  being  notched  or 
scored  upon  it.  The  searphs  of  the  deadwood  should  skijt  or  break 
joint  witli  those  of  the  keel. 

The  stem,  which  forms  a  continuation  of  the  keel  forivard,  is  made 
of  the  same  material,  and  is  curved  upward  so  as  to  form  the  extreme 
forward  end  of  the  ship..  In  wooden  and  composite  ships  it  ia 
searphed,  and  in  iron  ships  welded  to  the  keel. 
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The  stem  of  a  large  wooden  ship  maybe  composeil  of  three  pieces, 
known  as  the  upper,  middle  and  tower  pieces.  They  should  be 
scarphed  together  and  unit«d  to  the  keel  by  what  is  known  aa  the 
boxing  scarph. 

The  stem  of  a  wooden  ship  is  sided  at  the  lower  end  the  same  as 
the  keel ;  but  it  is  usual  to  make  the  siding  enlarge  gradually 
upward,  until  itt  the  upper  end  it  is  about  one-third  part  greater  than 
at  the  lower  end.  The  object  of  this  is  to  give  a  broad  enough  bed 
for  the  bowsprit  to  rest  on. 

The  stem  has  a  rabbet  taken  out  of  it  to  receive  the  forvvard  edges 
of  all  the  planks  known  as  the  hooding  ends. 


Fig,  12,  Fig.  13. 

Figs.  12  and  13  represent  the  stem  and  boxing  scarphs  of  the 
several  pieces— O  representing  the  cooks  or  dowek  in  the  scarph ;  o 
the  bolts,  usually  of  copper. 

An  iron  stem  is  usually  a  flat  bar  of  uniform  or  nearly  uniform 
elding.  It  has  sometimes  been  made  with  a  rabbet  at  each  side  to 
receive  the  foremost  edge,  or  "  hooding  ends,"  of  the  outside  plating; 
but  this  is  now  rarely  practiced. 

The  stern-post,  or  after  boundary  of  the  ship,  is  a  straight  piece  of 
timber,  vertical  or  slightly  raking,  which  rises  from  the  after  end  of 
the  keel. 

In  a  wooden  ship  it  standi  upon  the  keel,  K  (fig.  14),  into  which 
it  is  mortised  by  means  of  two  tenons,  each  about  one-third  of  the 
siding  and  one-jtjih  the  moulding  of  the  stern-post  The  keei  and 
stern-post  are  farther  connected  by  means  of  a  pair  of  metal  dove- 
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taH  plates,  DT.    Immediately  before  the  st«rn-po3t  is  the  inner  stenir 
post,  I,  of  the  same  siding  as  the  stern-post. 

The  stem-post  in  a  wooden  ship  is  usually  of  oak,  and  should  be 
in  one  piece,  if  possible,  of  sound  quality  and  well  seasoned.  Some- 
times in  large  vessels  a  false  post  is  worked  at  the  after  part  of  the 
main  post ;  but  such  conversion  should  be  avoided,  if  possible,  as  the 
rudder  ie  hung  to  the  post,  which  therefore  should  be  as  solid  as  pos- 
sible. Should  it  be  impossible  to  obtain  the  main-post  of  a  lai^e 
ship  in  one,  it  will  answer  to  have  the  lower  end  scarphed,  placing 
the  outer  butt  or  the  scarph  under  one  of  the  braces  worked  on  the 
post  for  the  pintle  of  the  rudder. 


Fig.  14. 

In  round  and  elliptical  sterns,  timbers  called  post  timh^a  are 
worked  on  each  side  of  the  stem-pcet  to  form  the  rake  and  contour 
of  the  stern ;  but  it  is  advantageous  to  speed  and  steering  that  the 
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after  edges  of  the  stern-post  should  be  hearded,  so  as  to  form  a  con- 
tinuation of  the  curved  surface  of  the  vessel's  run. 

In  an  iron  ship,  the  stern-post  and  after  end  of  the  keel  are  forged 
in  one  piece,  which  is  scarphed  or  welded  to  the  next  piece  of  the 
keel.  In  a  screw  steamer,  the  forward  or  Tama-^ost  nr  pri/peller-pod, 
the  after  stern-post  or  rvdder^ost,  the  after  end  of  the  keel,  and  the 
connecting  piece  between  the  topa  of  the  two  stern-posts  (forming 
together  the  frame  of  the  screw-port),  should  be  forged  in  one  piece. 

The  main  stern-post,  in  this  case,  is  made  about  twice  as  strong  as 
in  other  vessels  of  the  same  size ;  and  a  ring  is  forged  in  it  at  a  suit- 
able height  for  the  passage  of  the  propeller  shafL  When  the  screw 
is  made  to  lift  out  of  the  water,  the  connecting  piece  forms  a  ring  of 
such  dimensions  as  to  allow  the  screw,  with  its  blades  erect,  to  be 
lifted  through  it 

The  keel  being  laid  on  the  blocks  is  prevented  from  shifling  side- 
ways by  nogs  driven  into  the  blocks  on  each  side  of  it;  the  stem  and 
stem-posts  are  then  set  up  in  their  proper  positions,  in  a  truly  vertical, 
fore-and-aft  plane ;  they  are  supported  in  that  position  by  shores  or 
props,  and  scarphed  to  the  keel. 
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The  frame  of  a  ship,  sometimes  termed  the  ribs,  may  be  likened, 
not  inaptly,  to  that  portion  of  th«  human  body  which  bears  the 
same  title.  It  is,  in  general  terms,  that  portion  of  the  whole  struc- 
ture which  gives  shape  to  the  ship. 

A  wooden  frame,  however,  is  aa  assemblage  built  of  two  layers  of 
pieces  of  timber,  side  by  side,  and  breaking  joint  with  each  other,  so 
that  each  abutment,  butt  or  joint  of  one  layer  may  be  opposite  the 
middle  of  a  piece  of  the  other  layer.  Tho  pieces  are  called  floors  or 
jtoor  timbers,  cross  timbers,  half  floors,  first  futtocks,  second,  third, 
fourth  and  sometimes  fifih  fviloehs,  lengthening  pieces,  and  hng  and 
short  top-timbers. 

The  upper  and  lower  end  of  each  piece  is  called  its  head  and 
heel. 

A  floor  h  a  piece  that  lies  across  and  is  bolted  to  the  keel,  and  has 
a  long  arm  on  each  side.     It  is 

middle-seated  on  the  keel,  by  which   a i <, 

arrangement  the  two  arms  of  the  {  ''\  1 

floor  timber  reach  equally  on  each    C  I  } 

side  of  the  keel,     abed  (fig.  15)  is  ^ ■  ^- J 

a  section  of  the  floor  timber,  ef 
being  the  middle  line  of  the  ship. 
This  mode  is  usual  in  this  country. 


L_J 


To  give  solidity  to  the  floor  when  placed  across  the  keel  (techni- 
cally called  ffrossing  it),  a  piece  called  the  rising  wood  is  worked,  of 
which  gihh  in  fig.  15  shorts  a  section. 

A  corresponding  mortise  to  fit  this  rising  wood  is  taken  out  of  tho 
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seat  of  the  floor,  the  double  score  being  suffieiently  deep  to  ensure 
tte  points  ^  and  k  of  the  timber  when  let  down  being  brought  well 
to  the  upper  edge  of  the  rabbet  of  the  keel,  at  i  and  h,  so  that  the 
plank  may  lie  oa  the  timber  and  the  edge  of  it  fill  the  rabbet.  In 
some  instances  the  rising  wood  is  dispensed  with,  ajid  the  floor  has 
for  solidity  a  coak,  X,  placed  in  the  seating, 
pirtlv  in  the  floor  ind  partly  in  the  keel 
Ihg  16, 

The  Usual  praetite  is  to  have  11  inches 
of  the  wood  of  the  keel  above  the  rabbet, 
to  do  which  I  of  an  inrh  is  taken  out  of 
the  keel,  and  the  "eating  cf  the  flujr  reductd  ilso,  bringing  the 
lower  bide  ot  the  floor  timber  down  to  the  upper  edge  of  the  rabbet 
ol  the  keel  thus  seitiug  thi,  floor  on  the  keel  with  I  of  an  inch  of 
wood  to  steady  it  The  floors  ire  let  dawn  by  what  is  called  the 
cvttingdtmn,  staff  from  the  moulllutl  floor  which  gives  the  height 
of  the  upper  iide  of  the  ihuai  of  the  floor  at  each  frame.  Some 
■  adopt  the  practice  ot  having  what  is  termed  a  seating-line  "razed" 
on  the  keel  eich  aide  as  i  standard  to  measure  from,  to  the  seating 
ot  each  floor  on  the  rising  wood 

A  erosepiece  lies  across  and  is  bolted  to  the  keel,  having  two  short 
arms. 

Half  floors,  used  in  connection  with  cross  pieces,  are  pieces  of 
timber  abutting  against  each  other  on  the  top  of  the  keel,  each  one 
being  of  the  same  length  as  an  arm  of  a  floor. 

The  method  of  uniting  the  two  sides  of  the  frame  by  cross  pieces 

and  half  floors  was  introduced  into  practice  by  Sir  Robert  Seppings 

of  the  British  Navy.     It  is  a  plan  combining  strength  with  economy, 

and  has  been  extensively  used — 

particularly  in  England.     Fig, 

I        H^ifft^       '\i        iMjf^         I    irj  ^iji  describe  this  method. 

I  tVM.i.i,«  I  The  butts  of  tlie  half  floors 

[        uajffioZ       [|-:        Haifficor         I    should  be  2  inches  alternately 

[  ^!j-p;e«  1  on  either  side  of  the   middle 

line,  in  order  to  ffive  a  better 

Fig.  17.  j-       ,    ■       .,  i 

space  for  placing  tlic  coak  or 

dowel,  which  ties  them  to  the  keelson.     To  secure  the  half  floors  to 
the  cross  piece,  and  to  make  the  three  timbers  in  their  combination 
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nearly  equivalent  to  a  solid  mass,  dowels  or  circular  coaks  are  used 
of    3    inches    diameter    and 

length,  sunk   IJ   inches  into    ^^.^ms  oad  a-oss  said,^ 

the  cross  piece  or  half  floor,  ^L^^  V""^ J^ 

placed  as  shown  in  fig,  18,  "^Ml 

These  dowels  or  tenons  pre- 
vent the  surfaces  df  the  cross 
piece  and  half  floors  from  sliding  over  each  other,  while  the  bolts 
placed  in  each  arm  of  the  cross  pieces  through  the  half  floors  effect- 
ually prevent  a  separation. 

Still  another  method  of  uniting  the  frame,  where  timber  is-scant, 
is   to  have  what   is  termed  a 
long   and   sliort  armed  filling-  . 
floor.     This  ia  shown  fully  in  , 
figs.  19  and  20. 

Suppose  abed  (fig.  20)  to  be 
the  length  of  the  fioor  described 
in  the  first  section  on  floors,  . 
iialf  shift  or  butt  is  adopted  on 

one  side  as  pointed  out  bythe  full  line  ef  while  the  ticked  line,  gh,  is 
the  cc  rresponding  butt  on  the  other  side  giving  two  timbers  at  the  mid- 
dle line      Thi^  certainly  as  iits 
conversion  wl  en  all  the  lonci 
timbers  of  the  frime  cro  s  the 


■AlF     1     Li„igArm 

SA  \      mF      \ 

IHF            \SA 

L^gATm    \     M  F 

MF           L'^Arm 

Sa\         UtP        \ 

m  F             \    SA 

LmgArm    j    'id  f 

je3 


ketl     but  '*ui,h  is  not  alwaji  i        7     fls 

the  case    only  one-bilf  being 

FiQ  20 
so    designed       The    diflitulty 

m  obtaining  half  the  lower  timber    of  thi    form,  combined  with 

the  required  conversion  of  the  floor-  for  the  other  half,  prove  that 

the  '■ystem  is  attended  with  an  increase  ct  expense,  whde  it  has  nflt 

a  commenfeurite  id%antage  in  strength. 


3      r 


Fig  21  Fig,  22. 

The  timbers,  called  first  futtocks,  sometimes  run  down  to  the  side 
of  the  rising-wood  or  deadujood,  leaving  a  water-course,  ab  the  breadth 


Hosted  by  Google 


326  SHIP-BUILDING. 

of  the  keel :  see  fig.  21.  Occasionally,  also,  they  butt  against  each 
other  at  the  middle  line,  as  shown  in  fig.  22. 

WheQ  cross  pieces  or  long  and  short  armed  floors  arc  used,  they 
come  to  the  heads  of  the  cross  pieces  or  floors ;  and  dowels  or  tenons 
of  hard  wood  are  placed  in  the  heads  and  heels. 

The  second  futtocks  are  placed  on  the  heads  of  the  half  floors,  and 
the  third  futtocks  on  the  heads  of  the  first  futtoeks,  the  fourth  fut- 
tocks on  the  heads  of  the  second  futtocks,  the  fifth  futtocks  on  the 
beads  of  the  third,  and  the  top  timbers  on  the  heads  of  tlie  fourth 
futtocks;  these,  with  extra  top  timbers  and  lengthening  timbers, 
complete  the  frame  of  a  large  ship. 

In  fig.  23,  K  is  the  keel,  FK  the  false  keel,  D  the  deadwood,  KS 


the  keelson,  CTH  a  cross-timber  head,  HFH  a  half  floor  head,  1  FH 
the  flrst  fiittock-head,  2  FH  the  second  futtock-head,  etc.,  IT  the 
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top-timbor  head,  PS  the  planhheer  (or  gunwale  as  the  case  may  be) 
morticed  on  the  top-timber  heads,  and  projecting  outside  and  inside 
BO  as  to  cover,  and  sometimes  slightly  overhang,  both  the  outer  and 
the  inner  skin.  When  a  pair  of  long  and  short  armed  tloors  are 
used  instead  of  a  cross  timber,  and  a  pair  of  half  floors,  CTH  may  be 
taken  to  represent  the  head  of  a  short  arm,  and  HFH  that  of  a  long 

The  frames  or  transverse  nbs  in  an  iron  sh  p  are  of  an  l_  ahii  ed 
^-shaped,  T-shaped,  X  shaped  or  trough  shape  U  «t  on  One  ^ngle 
iron  is  generally  continuous  for  the  ivhole  length  of  the  frame  the 
lengths  of  which  it  is  made  1  emg  welded  together  The  floo}  of  an 
iron  ship  has  usually  two  flanges  connected  by  a  lertieal  utb  but  in 
some  instances  the  flanges  have  been  connected  by  diagonal  bracing 
instead  of  a  web.  The  depth  of  the  flooi'i  throughout  the  mid'hip 
portion  of  the  length  of  the  vessel  is  regulate  1  by  con  iderations  as 
to  strength.  In  the  fine  paits  near  the  ends  of  the  veascl  wl  ch  m  a 
wooden  ship  would  he  oc  up  e  I  by  deidwood,  the  fioor-platt^  or  web 
are  triangular  and  rise  to  the  height  of  the  cutUny-domi  line. 

The  distance  that  the  frames  should  be  apart  requires  careful  con- 
sideration on  the  part  of  the  builder  as  well  as  the  architect,  since 
this  point  has  great  influence  upon  the  strength  of  the  hull,  as  well  as 
its  weight. 

The  aim  should  always  be  to  have  the  weight  of  the  hull  the 
least  possible  consistent  with  the  required  strength  and  firmness  of 
fabric, 

Eoom-and-spaee  varies  from  2  feet  6  inches  to  3  feet  9  inches  in 
wooden  ships,  and  is  marked  ofi"  on  the  tread  of  the  heel  by  a  long 
measuring  rod  called  a  room-and-^ace  staff,  furnished  from  the 
mould-loft. 

These  stations  being  marked  ofl'  on  the  keel,  the  joint  of  the  eross 
piece  with  the  half  floor,  or  of  the  floor  with  the  first  futtoek,  is  kept 
well  to  its  station,  and  the  frame  timbers  when  raised  are  kept  apart 
according  to  their  respective  sidings  or  thicknesses,  leaving  at  all 
points  the  same  room  and  space  as  at  the  keel. 

The  extremes  of  the  ship,  or  the  forward  and  afler  ends,  have  a 
form  given  to  them  that  causes  the  floor  timbers  gradually  to  bt^ 
come  more  rising  or  V  -like  in  appearance,  and  renders  thera  difficult 
to  be  obtained,  as  not  within  the  natural  growth  of  timber.     It  is 
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J  necessary  to  have  recourse  to  other  methods  in  order  to 
continue  the  assemblage  of  timbers  which  compose  the  frame  of  a 
ship.  That  point  in  the  length  of  the  frame,  where  it  would  be 
advisable  that  the  frame  timbers  should  be  reduced  by  tjie  flooi^ 
must  be  determined  by  the  builder  with  reference  to  the  store  of  tim- 
ber, the  half  floor  and  the  second  futtock  of'  the  gquare  body  being  in 
the  cant  bodies  cut  in  one  length,  and  hence  called  double/uttoch.  After 
having  fixed  that  point,  the  dead  wood  becomes  the  foundation,  against 
which  the  heels  of  the  double  futtocks  and  first  futtocks  are  abutted. 
The  deadwood  is  worked  of  the  same  width  as  the  keel  amidships, 
and  the  keel  tapering  at  the  fore  and  after  ends,  the  line  of  the  upper 
edge  of  the  rabbet  rises  up  the  deadwood  to  give  the  same  breadth 
where  the  timber  meets  the  deadwood,  tlius  forming  what  is  termed 
a  bearding  or  stepping  line. 

Within  the  stem,  to  strengthen  it  and  aiford  wood  for  the  reception 
of  the  plank  of  the  bottom  and  the  heels  of  the  forward  cant  timbers,  a 
piece  called  the  apron  is  worked.  The  apron  is  in  reality  a  part  of 
the  forward  deadwood,  and  its  sine  is  the  same  in  the  sided  or  ath waft- 
ship  direction  as  that  of  the  stem. 

In  large  ships  it  is  composed  of  two  pieces  scarphed  together,  the 
scarphs  giving  shift  to  the  searpha  of  the  stem.    (Fig.  37.) 

The  scarphs  of  the  apron  are  doweled  and  bolted  together  at  the 
lips  or  ends,  the  middle  of  the  scarphs  being  left  for  the  bolts  of  the 
stem  and  of  the  knee  of  the  head  to  pass  through.  The  apron  is  also 
doweled  to  the  stem,  as  shown  in  fig.  12. 

As  a  further  support  to  the  stem,  a  timber  called  the  stemson  is 
worked.     (Figs.  12  and  37.) 

The  cutting  down  of  a  floor  is  the  height  of  its  throat  from  the 
lower  edge  of  the  rabbet  of  the  keel,  as  in  fig. 
24,  where  efis  the  cutting  down  of  the  midship 

p  The  moulding  usually  given  to  the  midship 

floor  is  1 J  times  its  siding  or  thickness ;  and  to 

determine  the  height  of  the  cutting  down  of  the  forward  and  after 

floors,  the  scantling  or  size  of  the  timber  delineated  to  its  full  size  on 

the  mould-lofl  floor  must  he  taken  into  consideration. 

In  the  forward  floor  (fig.  25),  ge  is  the  form  of  the  fioor  to  the 
outside  of  the  timber,  as  shown  on  the  mould-loft  floor,  ah  the  form 
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given  to  the  inside  of  the  timber  ensuring,  the  scantling  or  size  a 

while  of  is  the  height  of  the  cutting  down  for  the  foremost  i 

In  the  same  manner  the  height 

of  tlie  cutting  down,  cd,  for  the 

after  floor  is  determined  so  aa  to 

obtain  the  square  scantling,  lie. 

A  batten  passed  through  these 

three  points — viz.,  the  midship 

one,  and  the  two  fixed  as  above 

described — will  give  the  height  of 

the  cutting  down  for  all  the  floors,  and  if  continued  beyond  these 

points  to  the  stem  and  stern-post,  will  form  the  height  of  deadwood 

necessary  for  the  reception  of  the  heels  of  the. fore  and  after  timbers 

of  the  cant  bodies. 

The  raising  of  the  frames  in  a  wooden  vessel  is  commenced  by 
;  together  each  pair  of  floors  or  of  half  floors  with  their 


FiQ.  25. 


Fig.  26. 


cross-timbers,  bringing  them  to  their  stations  razed  on  the  keel  and 
cromng  them ;  that  is,  placing  them  perpendicular  to  the  keel,  and 
at  the  same  time  adjusting  the  scoring  down  of  the  deadwood,  and  if 
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necessary,  trimming  the^floor  timbers,  so  as  to  bring  their  upper  sur- 
faces exactly  to  the  level  of  the  cutting-down  line,  as  furnished  from 
the  mould-loft  by  means  of  the  cuttittg-down  staff,  on  which  are 
marked  the  heights  of  the  cutting-down  line  above  the  keel  at  the 
several  frames. 

The  pieces  of  each  aide  frame,  having  been  fastened  together,  are 
brougiit  to  their  station,  s^t  up  and  fastened  to  the  floors,  or  the  whole 
frame  may  be  united  on  the  ground  and  then  placed  as  in  fig.  26. 

They  are  hoisted  into  position  by  means  of  sheers,  the  curvature 
of  the  frame  being  carefully  preserved  as  pointed  out  in  figs.  27  (a) 
and  27  (b),  each  frame  being«et  perpendicular  by  a  level  or  plumb- 
line,  and  by  a  long  straight  batten  placed  from  arm  to  arm  of  the 
floor  or  half  floor  at  a  given  mark  or  si 


PiQ.  27  (a). 


Pig.  27  (&). 


Each  frame  is  kept  in  shape  by  temporary  timber  braces ;  those 
which  run  horizontally  being  called  cross-spalk  (see  fig.  26);  those 
which  run  diagonally  and  vertically,  shores.  The  cross-spalls  are 
nearly  in  the  position  to  be  afterward  occupied  by  the  deck  beams. 
The  frames  are  kept  in  their  proper  positions  by  temporary  wooden 
supports. of  the  following  kind : 

Along  each  of  the  ribband-lines,  outside  of  the  frame,  runs  a  long 
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piece  of  timber  seTeral  inches  square,  called  a  ribband  where  it 
crosses  the  square  frames,  and  a  harpin  where  it  crosses  the  cant 
frames ;  and  at  the  drmarku  where  the  rihbands  and  harpins  cross  the 
fl-amcs  they  are  attached  to  them  with  temporary  iron  bolts  or  screws. 
The  ribbands  and  harpins  are  propped  from  the  outside  with  sloping 


Section  of  Building  Blocks.  Keel 


timber  shores  abutting  in  an  open  slip  against  stakes  driven  into  the 

ground,  and  in  a  dock  against  the  masonry  of  its  sides.     (Fig.  28.) 

The  timbers  of  a  frame  are  connected  lengthwise  at  the  timber- 


head   in  two  different  ways,  by  coah  or  don'eh  (small  cylindrical 
blocks  of  hard  wood)  fitting  into  holes  in  the  heads  and  heels  of  the 
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tirabers,  as  shoivn  in  fig.  29,  or  by  chocks  of  an  obtuse  wedge  shape, 
scarphed  to  the  heads  and  heela  of  the  timbers,  as  shown  in  fig,  30. 


Ttie 
timber. 


E 

1 

"  ., 

■^ 
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' 

Fio.  31. 

dowels  are  3  inches  long,  thus  projecting  li  inches  into  each 
The  chocks  are  said  to  cause  ari  early  decay  of  the  frames, 
and  are  therefore  not  much  used. 

The  timbers  of  a  frame  are  con- 
nected together  sideways  by  bolts 
near  the  head  and  heel  of  each 
timber,  and  also  by  coaks,  spaced 
to  about  IJ  times  the  moulding  of 
the  frame.  The  position  of  such 
bolts  and  coaks  is  shown  in  fig.,  31 
(a  horizontal  plan),  where  KK  is 
the  keel,  CT  a  cross  timber,  HF 
half  floor,  and  IF  a  first  fuftoek. 

In  the  lower  part  of  each  frame, 
from  the  keel  to  the  floor-heads, 
and  sometimes  as  far  as  the  first  or 
second  futtock -heads,  the  two  lay- 
ers of  timbers  of  which  the  frame 
consists  usually  stand  in  close  con- 
tact, forming  a  seam,  which  is 
caulked.  Higher  up,  there  is  often 
a  narrow  opening  for  the  circula- 
tion of  air;  the  timbers  being  kept 
at  their  proper  distance  asunder  by 
the  chocks  or  coaks,  while  they  are 
held  together  by  means  of  the 
.  bom  -.a  chock,  ^r^..^  x-  /^^'^S"^-     (See  fig.  32.) 

Pi(i.  32_  When  the   spaces   between   the 


2d  FuttMk-lieB4. 
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timbers  of  the  hold  are  left  open,  limber-holes  are  bored  through  the 
frames  of  the  floor  and  bilges  for  the  passage  of  water  ;  but  in  most 
men-of-war  and  in  many  merchant  vessels  the  spaces  between  the 
floors  and  fiittocks  arc  filled  in  solid  mth  filling  timber,  and  the  seams 
caulked. 

In  iron  ships,  whole  frames  are  often  raised  as  one  piece. 

Wooden  ships  are  frequenily  left  "  in  frame"  to  season — from  six 
months  to  a  year— before  any  planking  is  put  on. 
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A  SHIP  is  generally  spoken  of  as  divided  into  fore  and  after  bodiea, 
and  these  combined  constitute  the  whole  of  the  ship.  They  are  sup- 
posed to  be  separated  by  an  imaginary  athwartship  section  at  the 
widest  part  of  the  ship,  called  the  midship  section  or  dead-ilat. 

The  midship  body  is  a  term  applied  to  an  indefinite  length  of  the 
middle  part  of  tbe  ship  longitudinally,  including  a  portion  of  the 
fore  body  and  of  the  after  body.  It  is  not  necessarily  parallel  or  of 
the  same  form  its  whole  length. 

Those  portions  of  the  ship  which  are  termed  square  and  eant  bodies 
may  be  considered  as  sub-divisions  of  the  fore  and  aft  bodies.  There 
is  a  square  fore  body  and  a  square  after  body  toward  tbe  middle  of 
the  ship,  and  a  cant  fore  body  and  a  cant  after  body  at  the  two  ends. 
In  the  square  body  the  sides  of  the  frames  are  square  to  the  line  of 
the  keel,  and  are  athwartship  vertical  planes.  In  the  cant  bodies 
the  sides  of  the  frames  are  not  square  to  the  line  of  the  keel,  but  are 
inclined  aft  in  the  fore  body  and  forward  in  the  after  body.  The 
reason  for  the  frames  in  these  portions  of  a  wooden  ship  being  canted 
is,  Ihat  in  these  parts  of  the  ship  the  timber  would  be  too  much  cut 
away  on  account  of  the  fineness  of  the  angle  formed  between  an 
athwartship  plane  and  the  outline  or  water-lines  of  the  ship.  The 
timber  is  therefore  turned  partially  around  till  the  outside  face  coin- 
cides nearly  with  the  desired  outline,  and  it  is  by  this  movement  that 
the  side  of  a  frame  in  the  cant  fore  body  is  made  to  point  aft,  and  in 
the  cant  aft  body  to  point  forward.  Tliis  will  be  best  understood  by 
the  annexed  figure,  33,  showing  an  exaggerated  horizontal  section  of 
a  frame  in  the  fore  cant  body,  the  dotted  line  representing  the  extent 
to  which  the  timber  would  have  been  cut  away  if  it  had  been  placed 
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square  to  the  line  of  tlie  keel,  and  if  the  side  ah  had  not  been  "canted 
aft,"  turning  on  the  point 


Now,  as  the  cant  timbers 
have    gradually   to    be    in- 
clined   forward    90"    from  S 
the    fonvard   frame  of  the 
square     body     until     they 


Fig.  33. 


Fig.  34, 


meet  the  stem,  the  heels  of  these  timbers  have  a  reduced  space  for 
their  reeeption,  and  must  be  narrowed  in  their  siding,  in  order  that 
they  may  angle  against  each  other  and  form  close  joints. 

In  fig,  34  let  ab  represent  the  forward  square  frame  as  it  would  be 
shown  on  the  half-breadth 
plan ;  the  heels  must  rest 
upon  the  line  a/,  which  gives 
less  space  than  in  the  square 
body ;  consequently  at  gh 
two  of  the  timbers  will  cross 
de  at  some  point,  as  l;  there- 
fore the  siding  of  each  must 
be  reduced  correspondingly,  that  the  joint  may  be  close. 

The  lower  part  of  a  cant  frame,  oiai  a  square  frame  which  has  a 
sharp  rise  of  floor,  consists  of  a  pair  of  half  floors  springing  from  a 
pair  of  rabbets  in  the  deadwood,  or  from  a  pair  of  stepping  pieces 
boll«d  to  the  sides  of  the  deadwood;  which  hilf  floors  are  connected 
together  across  the  top  of  the  deadwood  by  means  of  a  cros^  piece  of 
suitable  shape  and  dimensions.  For  ex- 
ample in  the  cross  section,  fig.  35,  K  is 
the  keel,  FK  the  false  keel,  D  the  ^ 
deadwood,  SP,  SP  stepping  pieces, 
HF,  HF  half  floors,  K8  the  keelson, 
and  the  cross  piece  is  shown  by  the 
dotted  lines  CP, 

Against  the  stem,  on  each  side,  it  is 
sometimes  necessary  to  work  maped 
timbers    called    stem  pieces,    for    the 

purpose  of  increasing  the  distance  between  the  hitght-heads,  or  first 
cant  timbers  on  each  side  of  the  stem.     This  is  to  avoid  cutting  away 
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the  knight  heads  to  form  the  hole  for  the  bowsprit  The  boiviprit 
is  secured  from  moving  sideways  where  it  rests  en  top  of  the  stem  by 
means  of  the  knight  heads  KK 
m  hg  36,  ^hich  generiUy  stand 
(unless  there  are  stem  piece-*)  close 
to  and  on  eich  side  of  the  stem 
ami  apron,  inside  of  the  out&ide 
plonking  The  bowsprit  hole,  B, 
has  ito  bottom  formed  by  the  top 
of  the  st«m  S,  and  apron ;  its  sides 
by  the  knight-hcads,  and  its  top 
by  blocks  of  wood  called  b 
choekg,  filling  the  sp: 
the  tops  of  the  knight-heads. 
Eound  the  rim  of  the  bowsprit 
hole  is  a  square  or  oblong  pro- 
jection called  the  boxing,  left  on 
the    knight-heads    and    bowsprit 


EiG.  36. 


chocks,  of  depth  ec[ual  to  the  thickness  of,  and  forming  tlie  outside 
planking.  , 

The  haw^e  pieces  are  the  cant  frames  on  each  side  of  the  knight- 
heads  to  the  number  of  six  or  seven ;  they  are  fitted  close  together 
so  as  to  form  a  solid  mass  of  timber  for  the  reception  of  the  four  iron 
castings  forming  the  hawse-holes. 

In  an  iron  ship  the  hawse-holes  are  cast-iron  tubes,  having  a 
strong  projecting  rounded  rim  inside  and  outside ;  while  the  bow- 
sprit hole  is  an  iron  tube  supported  at  the  ends  by  two  thwartship 
bulkheads. 

The  following  cut  (fig.  37)  will  show  the  different  timbers  which 
compose  the  stem  and  knee  of  the  hfad 

K  is  the  forward  end  of  the  keel,  curving  upward  slightly,  and 
Bcarphed  to  8  the  stem :  A  is  the  apron,  D  the  deadwood,  consisting 
of  pieces  built  up  so  as  to  fill  the  space  between  the  planking  and 
timbers  of  the  sides  of  the  bow,  whurcver  that  space  is  not  wider  than 
the  siding  of  the  keel. 

SS,  the  stemson,  being  a  continuation  of  the  keelson,  forward  and 
upward,  as  the  stem  is  a  contmmtion  of  the  keel. 

DH,  deeh  hoohs,  being  tli«  ^rtship  frames  crossing  the  apron  in  a 


Hosted  by  Google 


TIMBERS    OF   THE   FRAME,  CANT   BODIES,  ETC.         667 

nearly  horizontal  position,  to  strengthen  the  bow  and  support  the 
forward  ends  of  the  decks. 


Fig.  37. 
BH,  breast  hooks,  to  strengthen  the  bow — made  either  of  wood  or 

The  following  pieces  compose  the  knee  of  tlie,  head,  which  is  an  ad- 
dition to  the  moulding  of  the  stem  at  its  forward  side,  and  serves 
partly  as  an  ornament,  partly  for  securing  the  bowsprit  and  its 
rigging. 

SP,  the  independ&nt  piece ;  MP,  the  mam  or  laee  piece ;  BP,  the 
bobslay  piece ;  C,  the  eliocks  or  blocks  to  fill  up  the  required  shape  of 
the  head.  The  two  holes  are  for  the  iron  gammoning,  and  are 
called  sculUes. 

The  keel,  stem,  apron,  deadwood,  stemson  and  pieces  of  the  head 
are  so  arranged  that  their  scarphs  break  joint,  and  after  being  coaked 
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are  boltsd  together  %  bolla  orrauged  in  the  manner  Aown  by  the 
dotted  lines ;  so  that  ail  the  pieces  of  timber  may  act  as  far  as  possi- 
ble lilio  one  piece.  The  lower  side  pieces  of  the  head  are  called 
cAeefo,  and  the  upper,  head^aile. 

To  give  the  vessel  a  good  hold  of  the  water,  and  so  promote 
weatherlineas,  the  Jripe,  G,  is  fastened  npon  the  lower  part  of  the 
stem  by  the  aid  of  a  pair  of  pieces  of  metal  called  hrrie-tltoa,  as 
shown  in  fig.  37.  The  gripe  forms  a  sort  of  continuation  of  the  false 
keel  FK,  and  should  be  so  fastened  that  it  may  he  knocked  off  with- 
out damaging  the  stem. 

It  is  favorable  to  speed  to  have  the  forward  edges  of  the  stem  and 
gripe,  bearded  or  beveled  so  as  to  form  a  continuation  of  the  curved 
surface  of  the  ship. 

The  stems  of  ships  have  a  variety  of  figures,  depending  more  on 
taste  and  fashion  than  on  principle  and  practical  utility. 

The  iqmre  stern  i«  the  oldest  form,  and  is  still  in  use  in  the  mer- 
chant service ;  there  is  also  the  round  and  the  elliplicd  stem,  used 
in  iron  merchBut  vessels  and  in  iron  and  wooden  men-of-war. 

The  cownterof  the  ship  is  that  part  which  overhangs  the  stern-post. 
The  head  of  the  stern-post  rises  into  the  interior  of  (he  ship  a  short 
distance  above  the  counter;  and  immediately  abaft  it  is  the  ndder- 
porl,  being  a  hole  in  the  counter  for  the  passage  of  the  rudder-head. 
The  rudder-head,  and  the  rudder-port  which  it  nearly  fits,  are  cylm- 
dncal,  the  aida  of  the  rudder  being  the  axis  of  motion,  and  in  one 
straight  Ime  with  the  aiis  of  the  pintles  and  braces  by  which  the 
rudder  is  hmged  to  the  stem-post  i  while  the  head  of  the  stem-post 
IS  formed  so  as  to  admit  of  the  rudder-head  havmg  a  diameter 
suflicient  for  strength. 

In  an  iion  Mp  the  stern  framing  may  be  constructed  in  the  fol- 
low mg  manner:  The  stern-post,  at  its  head,  may  branch  out  mto 
two  ribs,  forming  a  frame,  liko  the  other  frame,  of  the  lemA.  It  is 
advisable  that  this  ftamc  should  be  either  wholly  or  partially  filled 
by  a  plate-iron  bulkhead,  with  such  openings  in  it  as  may  be  neces- 
sary for  the  passage  of  the  tiller  or  for  other  purposes.  Then  from 
that  ttame  may  spring  amnUr-frima,  each  rising  in  a  longitudinal 
or  slightly  oblique  plane,  having  the  same  room  and  space,  or  nearly 
so,  as  the  frames  of  the  ship's  body,  and  projecting  ont  astern  in 
such  a  figure  as  the  designer  may  choose. 
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In  a  wooden  skip  the  stern  framing  sometimes  begins  at  a  pair  of 
cant  frames  called  fashion-pieces  FP,  FP  (fig.  38).     In  the  square 
8l«rn  the  winff-tranaojn,  WT,   extends  across  between  the  f 
pieces,  crossing  in   front  of  ^t   ''■'■   '^'' 

the    stem-post,    8,    near    its     ''j\"  f["  1]     jf 
head.     The  wing-transom  is    ///    //     //     I 
nearly  straight,  having  only 
a  slight  "round  ajt;"  and  it 
has  also  a  " round' ui 
pending  on  the  taste  of  the 


At  the  upper  and  after  edge 
of  the  wing-transom  is  a  pro- 
jecting moulding  called  the 
margin,  the  under  side  of 
which  forms  a  continuation 
of  the  after  side  of  the  rabbet 
of  the  stem-post,  so  that  the 
hooding-ends  of  the  planking  ^'^^-  ^^■ 

of  the  buthck  abut  against  it  Abaft  the  fashion-pieces,  and  below 
the  wing-transom,  the  framing  may  consist  either  of  a  aeries'  of  trana- 
soms  bearing  the  same  relation  to  the  stem-post  that  breasi-hooU  do  to 
the  sl«m,  or  a  series  of  radiating  cant  frames  called  after  Umbers, 
stepped  partly  on  the  dead-wood  and  partly  on  tlie  depping  piecet  * 
bolted  to  the  sides  of  the  inner  stern-post.  The  latter  is  the  construc- 
tion shown  in  fig.  38. 

Above  the  wing-transom  spring  counter-timbers,  CT,  of  such  shapes 
as  the  designer  may  think  fit.  Their  moulding  planes  are  usually 
,  made  to  incline  slightly  inward ;  and  it  is  considered  conducive  to  an 
elegant  appearance  that  their  upper  ends  should  converge  toward  one 
imaginary  point.  Betjveen  the  counter-timbers  are  the  stern  windows, 
if  any. 

Along  the  upper  ends  of  the  counter-frames  or  counter-timbers 
runs  the  taffrail. 

The  filming  of  a  round  or  an  elliptical  stern  consists  of  cant 
frames  in  radiating  planes,  running  the  whole  way  up  te  the  tafirail; 
and  in  iron  ships  this  mode  of  framing  is  often  used. 

The  cflunter-timbers  are  crossed    inside  by  deek-transoms  to  sup- 
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port  the  decks,  and  outside  by  pieces  called  siook  and  cornices,  whicli 
in  the  old  wooden  ships  of  the  line  were  made  to  support  one  or 
more  galleries  or  projecting  balconies,  accessible  through  the  stem 
windows. 

The  keelson  may  be  considered  as  an  internal  keel  worked  with  the 
view  of  strengthening    the  vessel   lengthways,  and,   in  conjunction 
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Fig.  39. 

with  the  keel,  confining  the  floors  in  their  respective  stations.  The 
"  bolts  of  the  keelson  are  driven  through  the  throat  of  each  floor  and 
through  the  main  keel.  The  keelson  is  generally  coaked  or  doweled 
4o  the  half  floor  or  first  futtock  of  each  frame ;  and,  for  the  better 
reception  of  these  dowels,  the  half  floors  are  not  butted  or  joined  at 
the  middle  line  of  the  vessel  (on  the  alternate  sides)  in  order  to  assist 
in  the  disposal  of  the  coaks  (see  fig.  33).  The  keelson,  in  scantling, 
is  the  square  of  the  siding,  or  athwartship  way  of  the  keel,  and  in 
conversion  the  lengths  are  determined  by  a  due  regard  to  the  store 
of  timber  and  the  shift  necessary  to  tlie  scarphs  of  the  keel  and  the 
centre"  of  the  masts,  while  the  foremost  and  aftermost  pieces  should 
extend  beyond  the  floors  of  the  square  body,  so  as  to  connect  the 
keelson  with  the  deadwood. 
In  fig.  40,  gh  is  the  keelson,  square  in  form  and  sided  the  width  of 
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the  keel,  kl ;  e  and  d  are  the  heads  of  the  cross-pieces ;  e  the  butts  of 
the  half  floors,  placed  on  one  side  of  the  middle  line  to  admit  of  a 
coak,  /,  being  used  clear  of  the  butt. 


Fig.  40. 

ab  is  the  keelson  bolt  passing  through  the  keelson,  cross-piece  and 
keel.  This  bolt  should  be  placed,  as  in  the  figure,  on  one  side  of 
the  middle  line  in  order  to  give  greater  solidity  to  the  combination — 
the  limit  to  the  spread  of  the  keelson  bolts  being  such  that  they  may 
Dot  break  out  in  the  rabbet  of  the  keel. 

Where  the  fii-st  futtocks  do  not  come  to  the  middle  line  of  the 
vessel,  dowels  are  dispensed  with. 

Keelson  bolts  are  of  copper,  and  vary  in  diameter,  according  to  the 
tonnage  of  the  vessel,  from  li  inches  to  iths  of  an  inch.  These  bolts 
are  driven  on  a  ring  of  mixed  metal,  and  the  copper  being  beaten 
out  by  clinching,  a  heail  is  formed  larger  than  the  ring,  which  gives 
a  greater  hold  than  the  friction  of  the  bolt.  The  tie  to  the  keel_ 
is  completed  whea  the  point  of  the  bolt  is  clinched  over  a  ring 
let  into  the  under  side  of  the  main  keel ;  and  this  arrangement  of 
the  fastening  unites  firmly  the  keelson  and  keel  together  through 
the  medium  of  the  cross-pieces  and  half  floors.  The  rings  are 
shown  in  the  sketch  at  the  head  {a)  and  point  (b)  of  the  bolt  {ab'j, 
fig.  40. 

Water-courses  should  he  formed  under  the  keelson  and  side  keel- 
sons, which  is  effected  by  moulding  the  fillings  smaller  than  the  tim- 
bers.    (See  fig.  42  and  description.) 

Inside  the  frame  of  the  ship,  abreast  the  mainmast  and  about  6 
feet  on  each  side  from  the  middle  line  of  the  ship,  timbers  called  side 
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or  rafer  htkom  «re  worked,  in  order  to  rtrenglhon  the  ship  in  the 
immediate  vicinity  of  the 
s  rruinmast,  the  step  to  re- 
I  ceive  the  mast  resting  in 
I  part  on  these  auxiliaries 
to  the  main  Iteelson.  The 
lengths  of  the  side  keel- 
sons vary  from  30  to  50 
feet,  according  to  the  size 
of  the  ship.  The  siding  and  moulding  of  these  timbers  is  usually  2 
tncha  less  than  that  given  to  the  keelson  itself;  they  are  bolted  with 
copper  bolt,  through  the  timbers  of  the  frame  and  the  plank  of  the 
bottom,  these  bolts  forming  part  of  the  flistening  of  the  outside  plank- 
ing. In  %.  41  the  relative  positions  of  these  keelsons  are  shown  06 
aod  rf  being  the  bolts,  forming  also  a  portion  of  the  iSstening  of 'the 
^bottom  plank.  The  side  keelsons  are  doweled  to  the  timbers  of  the 
ship;  the  dowels,//,  being  placed  in  sneb  timbers  as  do  not  require  a 
bolt.  Their  number  is  limited  by  their  distance  apart,  which  should 
be  6  or  8  feet. 

EEFEitExcES  TO  THE  MiDsHip  SECTfON,  Fio.  42  («  and  5). 
A,  the  thickness  of  the  severd  decks  or  pl.tfotms ;  mie  Scheme  of 


In  small  ve»iels  the  dock,  are  named  as  follows:  Spat  deck  and 
berth  deck.  In  a  frigate,  where  the  guns  range  fore  and  aft  the  ve^ 
sel,  there  is  the  spar  deck  (i.  ..,  poop,  quarter  deck,  waist  and  fore- 
castle), mam  deck,  berth  deck  and  sometimes  orlop. 

B,  the  beam,  placed  across  the  ship  to  receive  the  platforms  or 
decks. 

C,  waterways  to  receive  the  decks  and  hold  down  the  ends  of 
the  beams  (B). 

D,  shelf  pieces  at  the  several  decks  (A),  to  receive  the  ends  of  the 
beam,  (B),  and  form  part  of  the  security  of  the  beams  to  the  side  of 
the  ship. 

E,  iron  kneo,  to  further  connect  the  beam  (B)  to  the  sides  of  the 
ship,  and  thereby  unite  the  two  sides  firmlv  together.  These  knee, 
may  be  considered  a,  an  increase  in  the  breadth  of  the  shelf  (D)  the 
required  size  of  iron  being  much  less  clumsy  than  wood  of  equal 
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strength  would  be.  The  dott«d  lines  through  the  side,  and  up  and 
down  each  of  the  knees  E,  are  the  bolts  which  fasten  them  to  the 
beam  and  side  of  the  ship. 

F,  thick  atrakes  of  plank  worked  over  the  heads  of  the  floor  tim- 
bers and  the  heads  of  the  first  futtocke,  to  prevent  the  heads  and  heels 
of  these  timbers  of  the  frame  from  being  forced  in.  They  are  bolted 
to  the  timbers  and  outside  planking  by  tlie  fastening  of  the  bottom 
plank. 

G,  limber  strakes,  to  form  a  gutter  leading  to  the  pump  well  on 
each  side  of  the  keelson  (H),  that  the  bilge  water  may  pass  freely  to 
the  pumps,  which  are  placed  in  the  immediate  vicinity  of  the  main- 
mast. 

The  limber  boards  are  shown  by  tliis  section  with  one  end  on  the 
keelson  (H),  and  the  other  on  the  limber  strake  (G) ;  these  boards 
form  a  covering  to  the  limbers  to  keep  them  from  being  choked  with 
dirt.  Sometimes  the  limbers  are  covered  by  iron  castings  forming 
part  of  the  ballast  required  in  the  ship. 

H,  keelson,  or  internal  keel,  to  confine,  in  conjunction  with  the 
keel  (K),  the  floors  of  the  frame  of  the  ship  in  their  places ;  the  keel- 
son bolts  which  pass  through  keelson,  floor  and  keel  are,  in  a  first- 
rate  ship,  IJ  inches  in  diameter. 

I,  fillings  between  the  frames,  being  less  than  the  moulding  of  the 
timbers  by  the  distance  the  dotted  line  is  below  the  full  line  of  the 
section  of  the  timbers,  thus  forming  a  water-course  to  the  limbers. 

K,  section  of  the  keel,  showing  the  rabbet  for  the  reception  of  the 
plank  of  the  bottom 

L,  section  of  th  M-^h  1  ed  to  give  depth  of  immersion  to  the 
vessel,  and  which  b  ng  1  tjl  tlj  secured  to  the  main  keel,  admits  of 
being  easily  rem       d  by  a  bl  w  should  the  ship  strike  the  ground. 

M,  the  rought  ra  I  f  -m  n  the  upper  boundary  of  the  timbers 
of  the  frame,  as  w  11  a     f  th        terior  and  interior  planking. 

N,  wales  or  thickest  planking  used  on  the  outside  of  the  ship. 

O,  iron  diagonal  braees,  shown  in  the  disposition  of  the  frame. 
Their  thickness  and  breadth  are  given  in  the  Scheme  of  Scantlings  ; 
they  are  sometimes  let  into  the  timbers  of  the  frame  their  .whole 
thickness,  at  other  tunes  half  the  thickness ;  and  the  system  has  been 
adopted  by  some  practical  builders  of  bringing  them  to  the  timbers 
without  letting  them  in  at  all.     The  question  hinges  on  this :  Which 
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is  b€st  for  the  strength  of  the  ship — to  score  into  the  timbers  only, 
to  score  into  the  timbers  and  internal  planking  equally,  or  to  take 
the  whole  scoring  out  of  the  internal  planking? 

P,  the  boiler  keelsons  of  a  steam  vessel,  corresponding  to  the  side 
keelsons  of  a  sailing  vessel.  They  are  worked  the  length  of  the 
engine-room  and  10  feet  beyond  at  each  end ;  they  receive  the  boilers 
and  bed-plates  of  the  engines. 

8,  sheer  strakes. 

T,  of  the  disposition,  shows  the  room  and  space  between  the  tim- 
bers of  the  frame  marked  by  the  shaded  lines.  These  openings,  as 
before  remarked,  should  be  equalized  all  the  way  up  the  frame  to  the 
highest  point  at  the  roughtrce  rail  (M) ;  the  dotted  lines  show  the 
height  of  decks.     (Fig.  42,  S.) 

The  thickness  and  breadth  at  each  portion  of  the  wales,  diminishr 
ing  phnk  and  plank  of  the  bottom  are  shown  in  the  sectional  view.* 

»  Mahnd  uied  in  tnkii\g  the  form  of  a  skip  mkea  bvill.—Mihny  ships  during  war  are 
oaptured  ti-om  the  cnemj,  of  whoee  form  no  drawing  is  in  tha  possession  of  the  cop- 
tors,  while  their  good  sailing  qualities  are  sucll  as  to  make  them  a  desirable  guide  for 
naval  eonstruetion ;  therefore  such  yeaasla  should  be  placed  in  a  drj-doek  and  their 
form  taken  by  a  draughtsman,  a  drawing  apon  the  usual  eeale  being  made.  The  ont- 
line  of  the  method  pursued  is  shown,  attached  to  the  midahip  section  ot  fig.  42  (o), 
and  as  the  prooess  for  one  section  would  carry  the  oovioe  nearly  through  the  whole 
operation,  the  description  of  one  must  suffice; 

A  base  board  (Q),  or  board  having  numeral  feet  marked  on  it,  is  placed  against 
the  side  of  the  keel  (K],  this  base  hoard,  as  in  the  figure,  being  set  by  a  spirit-leyel 
to  the  horizon,  and  st[uare  to  the  keel  by  a  largoKquare  placed  with  one  of  its  arms 
against  the  aide  of  the  keel,  the  base  board  (ft)  being  kept  to  the  other.  Another 
board  (R,  Q]  is  then  fixed  perpendicularly  to  this,  as  shown  in  the  section,  having  also 
a  graduated  scale  of  feet  marked  on  it.  The  distances  at  every  2  feet  from  these 
standards  of  measurement  are  then  taken  on  the  plumb  or  perpendicular,  and  tbo 
level  or  horijontal  (as  shown  on  the  figure  by  the  dotted  lines),  to  where  they  meet  the 

registered  in  feet  and  inches,  and  set  off  on  paper  to  the  scale  chosen  for  the  drawing, 
when  the  form  of  the  section  cannot  fail  to  be  aocurately  depicted. 

The  perpendiculars  marked  X  in  the  section  form  the  boundary  lines  of  the  greatest 

system.     The  forms  of  models  may  be  taken  in  the  same  way. 
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In  order  to  strengthen  ships  and  make  them  perfectly  water-tight, 
even  though  the  outside  plaok  may  te  knocked  off,  a  system  known 
as  that  o{  filling  in  waa  introduced  into  the  practice  of  ship-building 
by  the  celebrated' Sir  Eobert  Seppings,  a  surveyor  of  the  British 
Navy, 

This  consists  in  filling  the  openings  between  the  timbers  of  the 
frame  as  high  up  as  the  air  ports  (or  a  few  feet  above  the  load-water 
line)  with  slips  of  slab  timber;  which  being  caulked  and  "payed" 
make  the  frame  from  stem  to  stern  one  compact  and  wator-tight 
mass  of  timber,  so  that  were  any  of  the  outer  planking  of  the  bottom 
to  be  knocked  off,  the  ship  would  not  only  still  keep  afloat,  but  would 
be  secured  from  sinking.  In  the  old  system,  the  starting  of  a  plank 
would  be,  and  often  has  been,  fatal.  The  mode  of  filling  in  these 
openings  between  the  frame,  where  the  width  of  the  space  does  not 
exceed  three  inches,  is  by  driving  in  slices  of  wood  cut  wedge-like ; 
two  of  which  being  driven,  one  from  the  outside,  the  other  from 
within,  form  the  paralleled  space  of  the  opening,  thereby  bringing 
the  parts  into  the  closest  contact.  In  the  openings  exceeding  the 
width  of  three  inches,  the  space  is  occupied  by  pieces  corresponding 
with  the  openings,  the  fibre  of  such  pieces  being  laid  in  tBe  same 
direction  as  that  of  the  frame  timbers. 

These  fillings  occasion  no  consumption  of  useful  timber,  as  one- 
fourth  of  the  produce  of  slab  and  other  offal  wood  would  supply  a 
sufficient  quantity  for  the  consumption  of  the  whole  navy. 

The  advantages  obtained  by  tiling  in  the  openings  are  these  :* 

uck  npon  a  aankcD  rock  on  the  coast  of  Portugal,     lij 
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To  add  to  the  strength  and  durability  of  the  fabric ;  to  preserve  the 
health  of  the  crew  from  the  effects  of  the  impure  air  arising  from  the 
filth  which  soon  collects  in  these  openings ;  to  render  the  ship  less 
liable  to  leakage,  as  well  as  to  facilitate  the  stoppage  of  any  leak ; 
and  lastly,  to  increase,  as  it  may  be  said,  the  thickness  of  the  bottom 
from  four  or  four  and  a  half  (the  usual  thickness  of  the  plank)  to 
about  sixteen  inches,  thereby  lessening  very  considerably  the  danger 
to  be  apprehended  from  getting  on  shore  or  foundering  at  sea.  That 
it  tends  also  to  the  durability  of  the  ship  will  be  inferred  from  the 
following  positions  r 

1st.  That  the  openings  in  the  old  principle  are,  after  a  ship  has 
had  any  considerable  length  of  service,  choked  up  in  many  parts 
with  an  accumulation  of  filth. 

2dly.  That  no  free  circulation  of  air  can  be  obtained  in  these  open- 
ings by  any  means. 

3dly.  That  timber  being  either  freely  exposed  to  or  excluded 
from  the  afr  is  equally  preserved. 

4thly.  That-'it  has  been  found,  on  examining  the  frame  and  plank 
of  old  ships,  that  those  parts  (now  filled  in)  generally  decay  sooner 
than  the  rest — viz.,  from  the  floor-heads  in  the  midships,  and  from 
the  dead  wood  forward  and  abaft  to  the  height  of  the  orlop  clamps. 

The  filling  of  spaces  between  the  frames  in  iron  ships  is  done  with 
cement,  brickwork  and  otlier  materials.  In  iron  vessels  this  is  usu- 
ally done  after  the  outer  skin  has  been  put  on.  If  cement  is  used,  it 
should  be  carefully  kept  dry  until  wanted;  its  quality  should  be 
ascertained  by  mixing  it  with  the  proper  proportion  of  sand  (about 
half  the  bulk  of  the  cement),  and  observing  whether  a  specimen  sets 
or  hardens  rapidly  under  water.  The  sand  should  be  clean  and 
sharp.  Too  much  sand  should  not  be  added,  as  it  makes  the  cement 
brittle.  The  cement  should  be  used  ai  onee,  and  not  left  standing. 
Every  part  of  eaeh  space  wMst  he  thoroughly  filled  with  it;  and  it 
should  form  a  complete  coating  to  the  iron  of  not  less  than  half  an 
inch  in  thickness  at  the  thinnest  part. 

Gas  coke  is  sometimes  used  as  well  as  brick.     Brick  should  be  of 

off  close  up  to  tie  "  garboard  etrako."  Duriog  a,  passage  of  eight  dajs,  to  Spithead, 
the  ship  made  no  more  water  than  four  inchei  por  hour.  Had  the  timbers  of  the 
"Orestes"  not  bean  "jSIieci  i,i,  "  the  probability  is,  that  the  Ehip  would  never  hays 
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liard,  regular  figure  and  smooth  surface,  compact,  and  should  give 
out  a  ringing  sound  when  struck.  Brick  filling  should  be  tuilt  in 
cement,  as  already  described,  and  ea«h  brick  should  be  soaked  in 
wat«r  before  being  laid ;  otherwise  it  will  dry  the  cement  too  fast  and 
make  it  crumble. 

Asphaltic  mastic  may  also  be  used  for  filling,  and  can  be  made 
either  by  combinbig  seven  or  eight  parts  of  powdered  natural  asphalt 
in  a  boiler  with  one  part  of  hjtumen,  at  a  beat  sufficient  to  liquefy 
the  asphalt,  or  by  making  an  artificial  aspbalt  of  coal-tar  mixed  witb 
finely-ground  limestone  or  fire-clay,  until  a  composition  is  obtained 
which,  wben  cool,  is  just  soft  enough  to  yield  visibly  to  the  pressure 
of  the  nail.  The  asphaltic  mastic  may  be  mixed  witb  one-half  or 
three-fifths  its  volume  of  sand,  and  tben  used  for  filling,  either  alone 
or  along  with  bricks,  which,  before  being  built,  should  be  heated  in 
an  oven  and  dipped  in  coal-tar. 

Sir  Robert  Seppings  also  introduced,  as  a  substitute  for  a  portion 
of  the  internal  planking,  a  combination  of  wood-trussing  to  strengthen 
the  ship,  illustrating  the  intended  effect  by  a  reference  to  the  stability 
given  to  a  five-barred  gate  by  the  bar  which  is  placed  across  the  hori- 
zontal portion  of  it.  The  illustration  would  have  held  good  had  the 
strain  been  similar  to  that  to  which  his  trussed  frame  in  the  hold  of 
the  ship  was  subjected.  In  the  gate,  the  stiShess  being  required  m 
the  vertical  position,  the  cross-bar  is  effective;  but  the  same  gate 
would  be  found  weak  if  its  strength  were  tested  by  a  force  applied  to 
bend  it  horizontally.  This  trussing  frame,  called  by  ils  projector  a 
diagonal  frame,  was  composed  of  timbers  nearly  equal  in  dimensions 
to  the  lowertimbers  of  the  ship,  disposed  diagonally  or  athwart  t'f.e 
frame  of  the  ship ;  but  m  the  lower  part,  or  near  the  keelson,  this 
trussing,  in  flat-floored  vessels,  was  wholly  out  of  comparison  with 
the  vertical  position  of  the  bar  of  the  gate ;  and  in  those  ships  having 
a  rising  par  it  only  approximated  to  it.  The  diagonal  framing  thus 
became  nearly  useless  as  a  truss,  and  its  only  beneficial  effects  were 
to  unite  the  several  timbers  of  the  frame  together  in  a  longitudinal 
direction.  This  framing  was  also  found  to  interfere  with  the  stowage 
in  the  hold,  to  be  subject  to  early  decay,  the  more  especially  so  where 
old  ship-timber  was  used  for  this  purpose,  as  originally  suggested  by 
the  projector ;  and,  moreover,  to  yield  little  real  strength  to  the  ship. 
This  result  led  to  the  introduction  of  the  present  mode  (ff  tying  the 
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frame-timbers  to  each  other  by  a  succession  of  iron  glates  (fig.  42,  6), 
as  a  substitute  for  the  old  wooden  truss.  These  iron  plates  vary  in 
size  according  to  the  rate  or  tonuage  of  the  vessel,  their  thickness 
being  from  i  inch  to  1}  inches,  and  their  width  from  3  inches  to  6 
inches ;  their  lengths  in  some  cases  extending  from  within  a  short 
distance  of  the  keelson  to  the  top  sides  or  upjrer  part  of  the  vessel.* 
The  system  is  called  diagonal  bracing. 

The  mode  of  working  these  plates  has  been  the  subject  of  much 
controversy  among  practical  builders.  In  some  instances  they  have 
been  bent  to  the  inside  of  the  timbers  without  being  inserted  into 
them ;  while  in  others  they  have  been  buried  half  their  thickness  m 
the  frame  timbers ;  and  in  some  cases  the  practice  has  been  to  let 
them  in  to  their  whole  thickness ;  but  the  insertion  into  the  frame 
must  be  erroneous ;  the  frame  of  a  large  ship  is  always  difficult  to 
obtain  the  moulding  way ;  and  the' axiom  i)f  nothing  being  stronger 
than  its  weakest  part  should  cause  the  practical  builder  to  reflect 
well  before  he  weakened  the  frame  of  his  ship  by  the  score  ned^sary 
to  receive  a  plate  that  has  little  tendency,  when  worked,  beyond  the 
stringing,  as  it  were,  of  the  timbers  of  that  frame  together.  These 
plates  are  bolted  through  the  frame-timbers  aitd  outside  plank  ;  and 
these  bolts  should  form  part  of  the  regular  fastening  of  the  bottom. 
In  small  vessels  the  diagonal  braces  are  screwed  to  the  frame- 
timbers  by  short  screws  in  the  alternate  holes ;  and  it  is  advisable,  in 
all  vessels  secured  by  this  system,  to  work  these  iron  braces  (or 
riders)  before  the  outside  plank  is  brought  to,  securing  them  tempo- 
rarily with  screws;  for  the  timbers  of  the  frame  being  in  some  degree 
united  by  them,  these  plates  will  then  prevent  the  edge  sefs  used  in 
planking  from  separating  the  heads  and  heels  of  the  several  assem- 
blages of  timber  which  constitute  a  frame  and  produce  a  desirable 
result;  for,  if  such  a  separation  takes  place  to  any  considerable 
extent,  the  stiffness  of  the  frame  is  in  a  great  degree  destroyed,  as  the 
heads  and  heels  of  the  several  timbers  can  and  will  work  over  each 
other  when  the  ship  is  acted  on  by  the  force  of  a  heavj'  sea. 

Fig.  42  (6)  shows  a  portion  of  a  diagonal  frame  of  the  present 
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This  system  of  framing  entails  a  very  great  extra  expense,  and  on 
tliat  account  another  system,  known  as  "  Gordon's,"  was  introduced 
into  a  number  of  merchant  vessels  with  excellent  results. 

A  system  of  wooden  braces  (or  trusses)  was  placed  between  the 
lower  and  upper  decks,  where  the  ship  is  straight  of  breadth  and  wall- 
sided.  The  body  of  the  ship  was  thus  made  rigid  or  immovable  at 
that  part,  and  the  strength  of  the  ends  made  to  depend  upon  the 
strength  and  rigidity  of  the  middle  body.  . 

Two  English  line-of-battle  ships  ("Trafalgar"  and  "Koyal  Al- 
bert") were  braced  in  this  way,  and  the  result  in  each  case  was  all 
that  could  be  desired. 
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At  the  height  of  the  under  aide  of  the  beams  on  which  rc=t  the 
decks  of  the  ship,  iatemal  riba  of  wood  are  worked  lonEitudmally 
the  whole  length  of  the  vessel  to  receive  the  eada  of  the  beams 
These  timbers  are, called  shelves,  and  may  be  con'^idered  as  portions 
of  the  internal  planking  of  the  frame.  The  shelf  is  usually  biought 
to  and  worked,  but  not  bolted,  before  the  outside  plank  is  brought 
to,  thus  forming  a  good  internal  ribband  to  preserve  the  form  of  the 
ship  while  the  outside  plank  is  bebg  worked — Blake's  screws  being 
usually  employed  to  keep  it  temporarily  in  position. 

Fig.  43  shows  the  section  of  the  frame-timber,  »kelj  and  beam  as 
usually  worked.  The  shelf  is  composed  of  several  lengths  or  shifts, 
the  one  being  scarphed  to  the  other  by  vertical  soarphs,  the  length  of 
the  searphs  being  governed  by  their  being  made  equal  in  extent  to 
two  portions  of  the  room  and  space  given  to  the  timbers  of  the  frame. 
The  searphs  are  coaked  or  doweled  together  with  three  dowels; 


Era.  43. 


Fio.  44. 


and  on  bolting  the  shelf  one  bolt  is  generally  placed  through  it  at 
each  frame-timber,  except  forward  and  aft,  where  the  distance 
between  these  bolts  varies  from  2  feet  6  inches  to  3  feet.     The  upper 
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surface  of  the  shelf  a&  (fig.  43),  on  which  the  beam  end  rests,  should 
be  below  a  level,  to  prevent  a  lodgment  of  water.  Fig.  44  is  a  sec- 
tion showing  another  method  used  in  working  the  shelf,  which  does 
away  with  the  choek  (c)  necessary  in  the  plan  (fig.  43)  to  receive  the 
iron,  knees  that  unite  the  ends  of  the  beams  to  the  sides  of  the  ship. 
The  bolts  used  for  the  shelf  are  of  copper,  varying  in  diameter  from 
i  of  an  inch  to  li  inches  iicordmg  to  the  tonnage  of  the  ship 
and  the  thickness  of  the  1  ody  at  the  ■several  portion"*  of  the  hip 
where  the  shelf  i  w  rked  These  holt&  hould  form  part  ot  the 
regulw  fistening  of  the  out  ide  plinkm^  and  =hould  be  placed  as 
nearly  square  to  it  as  the  nature  of  tl  e  work  will  a  In  t  for  it 
should  be  carefully  kept  in  view  that  the  shortc^it  fistcnmg  tbroui,h 
agi\enorfixed  tiiickne'^a  is  to  be  preferred  as  embni'ing  t  ufold 
id-\  ant^ges— that  of  strength  together  with  economy  in  the  nae  of 
such  in  expensive  material  as  copper 
'Moreover  a  reduction  of  c  pper  bolts  in 
length  with  no  diminution  m  the  fine- 
ness of  the  hull  IS  atten  led  with  the 
best  possible  re  uit — the  maximum  bght- 
oess  of  the  hull  of  the  ship  To  exem 
plify  this,  fig.  45  is  given  as  descriptive 
of  the  lower  shelf  of  most  ships,  the 

„  shelf  lying  oblique  to  the  timber  of  the 

Fig.  45.  ,         ■*    *        ^ 

frame. 

ab  the  usual  level  bolt,  cutting  the  outside  plank  obliquely;  cd 
the  bolt  placed  square  to  the  outside  planking,  shorter  than  ab,  and 
square  to  the  seating  of  the  shelf  on  the  timbers ;  hence  a  stronger, 
lighter  and  cheaper  festening. 

The  frame  of  a  wooden  ship  when  completed  in  the  harpins  and 
ribbands  has  the  shelf  worked  as  just  described,  after  which  the  next 
step  is  to  cover  with  plank. 

In  merchant  ships,  as  well  as  in  men-of-war,  the  position  of  the 
wales  or  bends  (see  N,  fig.  42),  is  first  razed  on  the  timbers  by  means 
of  long  battens  called  sheer  battens;  the  proper  position  for  these 
lines  having  previously  been  determined  on  the  building  draft.  It 
may  here  be  observed  that  the  builder's  draft  should  not  only  show 
everything  important  in  the  ship,  but  also  the  relative  positions  of 


Hosiedb,  Google 


THE   SHELF,    WALES   AND    PLANK   OP   THE   BOTTOM.     353 


the  bolts,  butts  and  fastenings,  in  order  to  avoid  over-fastening  or  au 
increase  of  weight  over  that  required. 

The  frame  of  the  ship,  previously  to  the  plank  being  worked, 
should  be  set  perpendicular  by  dropping  a  plumb-line  from  the  centre 
of  the  cross-gpails.  The  point  of  the  brass  or  plumb  should  agree 
with  the  middle  line  of  the  ship,  razed  upon  the  upper  side  of  the 
keelson,  but  if  it  should  not  do  so,  the  shores  placed  to  the  ribbands 
should  be  loosened  on  the  one  side  and  driven  up  on  the  other,  until 
the  point  of  the  plumb  touches  the  middle  line. 

The  croas-spalls  are  long  pieces  of  plank  which  have  the  breadth 
of  the  ship  at  particular  stations  marked  on  them,  and  they  are 
secured  to  the  timbers  at  their  stations,  to  preserve  the  form  of  the 
ship  while  she  remains  in  frame,  and  until  the  learns  are  crossed. 

The  bends  or  wales  are  usually  of  oak  thichduff,  running  from  4i 
inches  in  thickness  in  small  vessels  to  10  inches  in  first-rates.  A  rep- 
resentation of  the  plank,  or,  as  it  is  termed,  a  shift  of  Vie  buUs  of  the 
plank,  should  be  made  on  paper  by  the  draughtsman,  who,  in  making 
it,  must  have  cautious  reference  to  the  store  of  thickstufl"  and  plank 
at  the  builder's  command  before  he  determines  the  lengths  of  the 
plank  or  shifts  to  be  used  in  building  the  vessel.  The  ports  in  ships 
of  war  will  require  consideration  when  determining  the  butts  of  the 
wales*  Some  plank  or  thickstuff,  from  being  cut  out  of  trees  wide 
at  the  lower  end  and  narrow  at  the  top,  partakes  of  the  character 
of  the  tree,  and  hence  for  economy  and  good  conversion  requires 
to  be  worked  in  a  peculiar  manner, 'denominated  inp  and  butt,  which 
consists  in  bringing  the  butt  of  one  plank  to  the  top  of  the  other,  so 
as  to  make  up  a  constant  breadth  in  two  layers,  as  shown  in  fio-.  46. 


Thus  in  the  two  planks,  ofe  and /A  (the  width  of  the  two  being  2 

•  With  reference  to  haying  each  plank  or  shift  of  tho  same  length  as  the  space 
ooonpied  by  Beferal  ports,  benqe  oalled  port-shifts. 
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feet),  it  is  usual  to  work  what  ia  called  the  touch  (de)  15  inches,  leaving 
the  top  (e/)  of  the  lower  layer  9  inches,  to  coniplet*  the  width  of  24 
inches,  or,  if  it  will  assist  conversion,  these  may  be  altered  to  14 
inches  and  10  inches.  The  touch  e  is  taken  at  one-fourth  the  whole 
length  of  the  plank  from  the  butt  end.  Tliis  arrangement  makes  the 
edge  of  every  other  plank  a  parallel  or  fair  edge.  Some  oak  plank 
and  thickstuff  is  worked  anekor-doclc  fashion,  but  this  should  be 
resorted  to  only  in  extreme  cases,  from  the  extravagance  of  the  con- 
version ;  it  may,  however,  be,worked  with  advantage  in  the  channel 
wales  and  ^irketing  of  frigates. 

Sketch  of  two  Layers  of  PJank  worked  Anchor-Stock. 


Fig.  4T. 
The  thickstuff  is  lined  for  anchor-stock  conversion  by  making  it 
hold  its  greatest  width  in  the  middle  of  its  length,  as  ef,  while  the 
width  of  the  top  ao  determines  the  reduction  to  be  male  m  the 
butt  end  (bcT) — hd  bemg  made  equal  to  ae  hence  the  pointa  c  and 
/  d  and  j  bemg  joined  give  the  form  of  the  plank  while  the 
under  layer  bemg  of  the  same  «hipe  makes  the  width  of  the 
two  ttgether  that  which  would  re--ult  from  adding  the  breadth 
which  the  plank  hold"  m  the  middle  of  its  length  to  its  wi  1th  at 
the  top  end  This  method  gives  a  fair  edge  or  line  for  eier\  two 
layers  of  plank  worked  From  the  lower  edge  of  the  w  ile  the 
width  of  whiuh  m  very  lai^  ships  extends  to  14  strakes,  the  planks 
have  to  be  diminished  in  thickness  to  meet  the  intended  thickness  for 
the  plank  of  the  bottom.  Thus,  in  a  ship  where  the  wales  are  10 
inches  in  thickness  and  the  bottom  plank  5  inches,  the  planks  follow- 
ing immediately  under  the  wales  have  gradually  to  be  reduced  in 
thickness  from  10  to  5  inches ;  the  planks  which  are  worked  to  effect 
this  graduation  in  thickness  being  technically  denominated  diminish- 
ing stuff;  while  the  method  usually  adopted  to  regulate  the  decrease 
is  to  strike  two  lines  tapering  as  follows : 
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The  dimmishing  plank,  when  of  English  oak,  is  worked  top  and 
butt  for  economy,  hence  each  of  the  sections  marked  1,  2,  3,  etc., 
contains  two  layers  of  the  depth,  giving  in  this  example  14  planks  to 
effect  the  diminution  from  10  to  5  inches,  or  nearly  three-fourths  of  an 
inch  diiference  between  the  upper  and  lower  edges  of  every  two  con- 
secutive planks  worked  on  the  top-and-butt  system.  * 

The  plank  of  the  bottom  extends  from  the  diminishing  plank  to 
within  five  or  six  strakes  of  the  keel ;  the  latter  being  of  elm  or  oak, 
and  termed  garboard  strakei.  The  plank  of  the  bottom  below  the 
diminishing  plank,  as  far  as  the  supposed  light  draught  of  water,  is 
usually  of  white  oak,  the  remainder  of  the  bottom  being  of  yellow 
pine  to  the  garboard  strakes.  In  English  merchant  ships  the  bottom 
plank  is  often  a  mixture  of  fir,  American  elm  and  English  elm. 

Fir  strakes  have  generally  the  <xfler-hoods  of  oak,  for  the  better 
security  of  the  stem-post  and  rudder,  and  the  forehoods  of  the  same 
material  where  the  form  of  the  how  rt  quires  a  great  curvature  in  the 
plank. 

In  working  the  plank  of  the  bottom,  including  the  wales  and  thick- 
stuff,  the  endeavor  of  the  builder  should  be  to  bring  the  plank  to  the 
timbers  without  forcing  it  upward  to  the  edge  of  that  already  worked  ; 
or  in  other  words,  edge  sets  should  be  used  as  little  as  possible,  as 
the  planking  that  would  bear  bending  one  way  may  be  easily 
broken  by  an  attempt  to  force  it  in  the  opposite  direction.  Moreover, 
in  working  the  jJank,  should  the  edges  be  bruised  and  the  bruised 
portions  not  removed,  early  decay  of  the  plank  mil  ensue  from  the 
injury  which  has  been  received  in  the  grain  of  the  wobd.  The  best 
method  of  attaining  the  desired  end,  so  that  the  plank  can  be  worked 
to  the  bottom  of  the  vessel  without  being  crippled  by  edge-sets,  as 
well  as  to  meet  the  difficulties  arising  from  the  fact  that  the  girth  of 
the  midship  body  is  much  greater  than  that  of  the  fore  and  after 
bodies,  is  to  pen  or  bend  a  broad  batten  round  the  timbers  of  the 
frame  in  a  longitudinal  direction  at  the  breadth  in  midships  of  every 
six  or  eight  strakes  of  plank,  allowing  the  ends  of  the  batten  to  take 
their  own  position  on  the  timbers  of  the  frame.  This  arrangement 
will  give  spaces  fore  and  aft  considerably  less  than  those  set  off  and 
determined  on  amidships  as  the  space  to  be  occupied  by  the  six  or 
eight  strakes;  which  decrease  of  room  must  he  met  by  making  the 
fore  and  after  shifts  or  lengths  of  plank  diminish  in  their  width 
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gradually  fore  and  aft  their  lengths.  Should  it  be  necessary,  some 
of  the  shifta  at  the  extreme  ends  may  be  dispensed  with  by  the  use 
of  steelera.  This  diminution  in  width  at  the  bows  and  quarters  assists , 
in  the  conversion,  as  it  allows  of  plank  being  used  there  that  has  sap 
or  unformed  wood  on  its  edges,  which  would  be  unavailable  for  the 
breadth  re<juired  at  the  midship  portion  of  the  plank  of  the  bottom.* 

The  plank  should  be  well  seasoned  before  being  worked,  and  to 
ensure  as  far  as  possible  the  durability  of  the  ship,  which  would  be 
seriously  affected  by  the  materials  used  in  her  being  green  or  pro- 
vided from  timber  or  trees  lately  cut  down,  it  is  advisable,  after  the 
plank  has  been  hung  to  the  frame  timbers  by  Blake's  screivs,  that 
the  holes  for  all  fastenings  that  can  be  determined  should  be  bored 
and  the  frame  left  open  to  the  draught  of  air  that  will  be  drawn 
through  it,  thus  allowing  the  timbers  to  season  well. 

The  planking  in  former  times  was  fastened  to  the  timbers  of  the 
frame  by  tx^enaih,  the  practice  being  in  large  ships  to  place  in  each 
timber,  through  the  planking,  two  treenails ;  this  was  technically  de- 
noted double  fastening.  This  mode  was  found  to  weaken  the  timbers, 
and  led  to  the  system  of  dotiile  and  single  fastening  in  which  two 
treenails  are  placed  through  one  timber,  while  each  consecutive 
timber  has  but  one  in  it. 

Treenail  fastening  has  gone  out  of  date  at  the  present  time,  except 
in  small  vessels  engaged  in  the  coastwise  trade.  The  wood  gener- 
ally used  for  making  them  in  this  country  is  looust.  • 

Copper  bolts,  ufcd  in  connection  with  short  bolt  nails  of  mixed 
metal,  have  also  been  used,  but  the  evils  attached  to  this  system 
of  fastening  are  additional  weight  (copper  being  eight  times  heavier 
than  treenail  wood),  and  the  fact  that  the  bolt  nail  has  no  hold  on 
the  timbers,  and  is  liable  to  split  the  plank,  and  so  cause  leaks,  if 
not  driven  with  judgment 

It  may  well  be  questioned,  then,  whether  in  wooden  ships  good 
treenail  fastening  is  not  quite  as  good  as  bolt  and  dump  fastening. 

The  upper  strakee  of  the  planking  are  sometimes  connected  to  the 

t  The  fore  and  after  ends  of  the  fore  and  aflar  shifts  of  each  slrake  of  Ihioksluff 
and  plank  are  reduced  in  thi'-kness,  that  they  may  he  brought  round  the  curved  bs- 
tremes  of  the  ship  with  IcBE  labor,  and  Iiktwise  lessen  the  deptb  of  the  rabbet  in  the 
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frame  of  tlie  ship,  as  shown  in  fig  49,  and  the  tie  thus  given  to  th^ 
frame  of  a  vessel  is  undoubtedly  a  good  oae.     Thus,  in  fig.  49,  b  is 
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Fig.  49. 

the  butt  of  the  outside  piank,  and  dd  dowels  placed  in  the  timbers 
immediately  adjacent  to  the  Irtitts,  and  in  the  planks  above  and  be- 
low them,  the  butt  itself  being  one-third  and  two-thirds  on  the 
timber  to  ensure  wood  for  the  reception  of  the  butt  bolt  in  the  two- 
thirds  part;  while  the  oue-third  wood  of  the  timber  forms  a  good 
stop  for  the  caulking,  the  other  butt  bolt  being  placed  in  the  adjacent 
timber  of  the  frame. 

Fig.  50  shows  the  different  modes  of  fastening  at  the  present  day. 

The  outside  planking  of  a  wooden  ship  cannot  be  permanently 
fastened  until  the  iimde  planking  is  "brought  to"  also,  because  the 
fastenings  have  to  pass  through  both  inner  and  outer  skin.  It  is 
therefore,  as  before  stated,  first  put  on  with  temporary  bolts  or  screws; 
and  when  each  strake  has  been  accurately  fitted  to  ita  place, 
the  treenail  holes  or  bolt  holes  are  bored  through  the  planking  and 
frames ;  then  the  inside  plank  is  brought  on,  the  holes  bored  through 
it  and  the  fastenings  driven.  The  planking  in  men-of-war  is  nearly 
always  left  for  a  specified  time  after  the  holes  have  been  bored,  in 
order  to  season  the  better ;  a  few  strakes  being  left  out  so  as  to  allow 
a  free  circulation  of  the  air. 

Preparatory  to  putting  on  the  shin  of  an  iron  ship,  the  ekeer-lines 
of  the  sides  and  nonnaMines  of  the  bottom  are  marked  on  the  out- 
side surfece  of  the  frames  in  order  to  regulate  the  scams  of  the^^t- 
ing.  These  lines  should  be  laid  off  from  the  builder's  draft  of  the 
eajtansion  of  the  skin,  but  the  normal-lines  may  also  be  easily  and 
accurately  constructed  on  the  framing  itself  by  penning  a  broad, 
straight-edged  and  flexible  batten  to  the  frames,  so  as  to  cross  the 
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lip  frame  at  right  angles  ;  when  it  will  of  itself  assume  thr  true 
figure  of  a  normal-line. 


r 

o_ 

? 

7 

M-^ 

-I— 

V- 

-V 

.'^A. 

7 

i 

...o 

.__. 

0° 

?.! 

" 

" 

1 

y 

^ 

0- 

g  " 

7° 

s- 

-i 

.... 

'''" 

1 

j- 

...". 

" 

o__ 

^  ° 

o° 

___<:_ 

_x 

" 

J* 

i 

9... 

b- 

5-° 

7° 

...? 

\ 

o 

V 

1 

[ 

..?_ 

° 

o    ° 

„° 

°o 

'°' 

X 

« 

I 

T 



b- 

1 

""■> 

r° 

»"" 

7° 

;- 

1. 

■■; 

i 

O 

" 

^ 

° 

,° 

1 

/ 

J, 

1 1 

? 

I 

9... 

° 

' 

° 

^ " 

* 

.; 

° 

1 

"-. 

" 

1 

i. 

...2 

° 

?.i 

^  a 

o 

o 

■-,; 

J. 

t 

o 

i- 

o'^ 

o" 

'" 

c° 

^ 

«"" 

f! 

I 

__o 

" 

o° 

0° 

-i 

0 

^ 

-; 

f! 

I 

?„.. 

0" 

n 

o° 

„ 

o 

^ 

""" 

T 

[ 

...?. 

"o 

•.° 

?.." 

'^ 

..... 

X 

""- 

1 

) 

"VXA 

vA 

X 

i- 

? 

«"" 

1 

J» 

-V 

^'A 

^J 

The  first  operation  in  putting  on  the  s 


of  an  iron  ship  is  to  fit 
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Fio.  &3. —  Outside  and  inside  plating. 
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the  inner  strakes  of  plating  (or  those  whicli  fay  to  the  frames)  in 
their  proper  places,  fastening  them  in  a  temporary  way  with  bolts  or 
pins.  They  are  then  taken  down  and  the  rivet  holes  are  punched  or 
drilled  through  them ;  then  set  up  again  and  riveted  to  the  frames  ; 
and  tho  butt  straps  are  also  riveted  to  the  inside  of  the  plates  at  their 
butt  joints.  The  outer  strakes  are  next  fitted  on,  punched  or  drilled, 
and  riveted  to  the  frames  through  the  filling  pieces  (which  should  be 
strips  of  plate  completely  filling  the  spaces  between  the  frames  and 
the  outer  strakes),  to  the  inner  strakes  at  the  seams,  and  to  butt 
straps  inside  of  the  butts. 

Seams  of  iron  plating  are  sometimes  single  riveted,  and  sometimes 
double  riveted ;  butts  are  almost  always  double  riveted,  and  some- 
times treble  or  quadruple  riveted.    See  figs.  51  and  52. 

It  may  be  doubted,  however,  whether  anything  more  is  really 
necessary  than  single  riveting  for  the  seams,  and  double  riveting  for 
the  butts. 

The  usual  lap  of  plates  is  from  five  to  six  diameters  of  the  rivets 
at  double-riveted  joints,  and  about  three  diametera  at  single-riveted 
joints ;  the  pitch  of  the  rivets,  four  diameters  in  seams  and  butts  of 
plates,  and  eight  diameters  in  angle-irons  and  other  bars.*  Fig.  53 
shows  lap  of  plates,  aa  being  filling  pieces. 

Some  of  the  riveting  for  iron  ships  (such  as  fastenings  of  flanges  to 
the  webs  of  beams,  etc.)  may  be  performed  by  the  riveting  machine, 
because  the  work  can  be  carried  to  the  machine  ;  but  by  far  the 
greater  part  of  it  must  be  done  by  hand. 

The  rivets  are  heated  in  a  small  portable  furnace,  called  a  rivet 
hearth,  which  can  be  carried  to  any  part  of  the  ship.  The  burning 
fiiel  is  contained  in  a  shallow,  round  iron  tray,  supported  by  three 
slender  legs.  Below  the  tray  is  a  small  circular  pair  of  smith's  bel- 
lows to  blow  the  fire. 

A  set  of  riveters  consists  of  two  riveters  to  clinch  the  rivets  on  the 
outside  of  the  plating ;  a  kolder-up  to  put  the  rivets  through  the 
holes  from  tiie  inside,  and  hold  them  steady  against  the  blows  of  the 
riveters'  hammers ;  and  a  boy,  or  sometimes  two,  to  blow  the  fire  and 
hand  the  rivets  to  the  holder-up. 

The  number  of  rivets  that  can  be  driven  by  a  set  of  riveters  in  a 

•  With  a  view  to  the  prescrvaMon  of  the  plates,  it  is  n.  gdod  practice,  before  putting 
them  on,  to  ooa.t  them  either  with  a  drying  oil  or  with  zinc  (galvaniiing). 
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day's  work  of  ten  hours  is  about  100,  if  employed  by  the  day,  or  140 
if  employed  by  piece-work. 

The  rivets  should  be  at  a  bright-red  heat  during  the  whole  process 
of  riveting  up,  which  should  be  done  very  rapidly,  that  they  may  not 
Lave  time  to  cool. 

The  clinched  end  of  the  rivet  when  finished  should  be  flush  with 
the  outside  plating ;  and  should  any  part  project,  through  being  more 
than  sufficient  to  fill  the  countersunk  hole,  it  is  to  be  cut  oft'  with  a 
chisel. 

The  pieces  used  in  the  hold  of  an  iron  ship  to  give  additional 
strength  are  side  and  mfer  keelsons,  hold  stringers  and  longitudinal 
frames. 

When  such  pieces  are  fitted  between  the  ribs,  instead  of  being 
above  and  inside  them,  they  are  called  intereodal  keelsons,  stringers, 
etc.;  and  in  such  cases  care  must  be  taken  te  give  them  sufficient 
longitudinal  connection  across  the  ribs. 

In  iron  ships  the  inner  skin  is  sometimes  dispensed  with,  or  else 
consists  of  wooden  planking,  which  is  bad,  and  adds  little  to  the 
strength.  In  the  more  recent  iron  ships,  and  particularly  in  the 
"Great  Eastern,"  another  method  has  been  practiced.  The  bottom, 
bilges  and  lower  part  of  the  aide  of  the  ship  have  a  complete  inner 
skin  of  iron  plating,  connected  with  the  outer  skin  by  means  of 
longitudinal  and  transverse  ribs,  which  divide  the  space  between  the 
two  skins  into  cells.  In  the  "Great  Eastern,"  tho  two  skins  are 
three  feet  apart  The  last  method  of  construction  is  very  &vorable 
to  strength  and  safety,  for  the  inner  skin,  besides  contributing 
directly  to  the  longitudinal  strength  of  the  ship,  acts  as  an  inner 
flange  to  each  of  the  ribs,  longitudinal  and  transverse;  and,  should 
the  outer  skin  be  penetrated,  the  inner  skin  preserves  the  vessel  from 
sinking.  Figs.  54,  56,  57  and  58  show  midship  sections  m  some 
of' the  methods  of  constructing  iron  ships. 
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Fig.  69. 


Ik  wooden  ships  the  inner  skin  is  aometimes  a  complete  lining  to 
the  vessel,  at  other  times  only  partial.  It  is  almost  invariably  the 
custom  to  work  thick  strakea  over  the  floor  heads  and  first  futtock 
heads.  The  strakes  next 
the  keelson  on  each  aide 
are  called  the  limber 
strokes;  see  fig.  59,  LS, 
LS.  Between  them  and 
the  keel  are  two  passages 
for  water  called  limbers 
LL,  covered  with  mova- 
ble boards  LB,  LB,  call- 
ed limber-boards,  whose 
upper  edges  lean  against 
the  keelson  KB.  The  point  P  shows  the  point  from  which  the  depth 
of  hold  is  usually  measured. 

The  limber  strakes  and  all  thick  atrakee  should  be  worked,  if  pos- 
sible, without  edge  set ;  the  number  of  strakee  varying  from  two  to 
four  in  the  mtdsldps,  and  being  reduced  at  the  ends  by  steel&rs,  as  are 
the  outside  planks. 

Sometimes  it  is  the  custom  to  work  diagonal  planks  between  the 
thick  atrakes,  but  it  is  considered  better  to  leave  the  spaces  open. 
The  rest  of  the  inside  planking  of  the  hold  is  called  the  ceiling  or 
Jootwaling. 

The  clamps  are  the  atrakes  immediately  below  the  shelf-pieces 
which  support  each  tier  of  beams.  In  former  days,  before  the  intro- 
duction of  shelf-pieces,  the  beams  rested  on  the  clamps.     The  plank- 
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1  the  spirketing  (composed  of  two  strakes)  and  clamps  is 
called  quick  work. 

Decks,  in  ships  of  different  sizes  and  proportions,  vary  in  number 
fi'om  1  to  6,  the  "  Great  Eastern"  having  8.  When  the  decks  are 
numerous,  they  seldom  all  extend  fore  and  aft  the  whole  length  of 
the  ship ;  and  the  ship  is  said  to  be  single  decked,  Uvo  decked  or  three 
decked  according  to  the  number  of  those  decks  only  which  are  above 
the  load-wat«r  line  and  complete  from  stem  to  stem. 

In  three-decked  ships  the  lowest  deck  above  water  is  called  the 
gun  deck  or  lovxr  deck  in  ships  of  war,  and  lower  deck  in  merchant 
ships ;  the  next  above  is  the  middle  deck ;  the  next,  the  main  deck ; 
and  the  next  the  spar  or  upper  deck. 

In  two-decked  ships,  the  lowest  deck  is  the  lower  or  gun  deck  in 
ships  of  war,  and  lower  deck  in  merchantmen ;  the  next  above,  the  main 
deck ;  the  next,  the  spar  or  upper  deck. 

In  frigates  and  one-decked  merchantmen,  the  lowest  deck  is  the 
mam  deck  (in  men-of-war  more  properly  gun  deck) ;  the  next  above  it, 
the  apar  or  upper  deck. 

Corvettes  and  sloops  of  war  have  only  one  deck  with  guns  on  it, 
called  the  upper  or  spar  deck. 

In  the  old  line-of-hattle  ships,  the  deck  below  the  gun  deck  was 
called  the  orlop  or  berHi  deck;  below  that  the  coek-pit. 

In  merchant  ships,  the  orlop  deck  or  orlop  is  sometimes  only  par- 
tially planked,  and  sometimes  consists  merely  of  a  tier  of  beams 
called  orlt^  beams,  for  giving  transverse  strength. 

In  all  foreign  men-of-war,  around  the  orlop  or  berth  deck  runs  a 
wing  passage  to  give  access  to  the  ship's  side,  for  the  purpose  of  re- 
pairing it  in  action. 

If  aship has  not  a  top-gallant  forecastle  or  poop,  her  spar  deck  is 
said  to  be  jlush. 

Side-wheel  steamers  have  a  raised  platform  extending  from  side  to 
side,  amidships,  between  the  paddle  boxes,  called  a  hurricane  or 
bridge  deck,  and,  if  narrow  in  a  fore-and-aft  or  athwartship  direction, 
a  bridge. 

Detached  buildings  on  the  spar  deck  are  called  deck  houses. 

The  clear  height  between  decks,  from  the  fiat  or  upper  surface  of 
the  planking  of  one  deck  to  the  under  side  of  the  beams  of  the  next 
deck  above,  is  seldom  less  than  six  feet  nor  more  than  eight  feet. 
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The  round  up,  or  convexity  of  the  upper  side  of  a  deck,  varies  from 
two  to  eight  inches. 

The  principal  part  of  the  framing  of  a  deck  consists  of  beams  which 
support  and  hold  together  the  sides  of  the  vessel. 
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In  iroji  sftipi)  the  beams  are  always  of  iron  (fig.  62) ;   in  wooden 
skips  they  may  be  either  of  wood  or  iron. 

If  of  wood,  they  are,  in  large  ships,  composed  of  several  pieces 
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scarphed  together  in  various  ways,  as  shown  in  fig.  60.     The  searpha 
are  usually  dde  searpks. 

A,  in  fig.  60,  is  the  beam,  aa  usually  put  together  when  the  stock 
of  timber  will  allow  of  its  being  made  in  two  pieces,  and  is  technically 
a  "two-pieee  beam,"  The  dowels  employed  to  connect  the  scarph  are 
marked  thus,  °,  the  bolts,  * ;  and  of  the  two  views  shown  of  the 
beam,  the  upper  is  a  side  or  moulded  one ;  and  the  lower  or  sided 
view  shows  the  scarph  or  overlap  of  the  two  pieces,  aa  seen  on  the 
upper  part  of  the  beam ;  the  scarph  being  usually  one-third  the  whole 
length  of  the  beam. 

B,  In  large  ships,  to  obtain  the  beams,  recoui-se  is  had  to  forming 
the  beams  of  three  pieces,  of  which  B  is  a  drawing.  The  bolts  and 
dowels  are  the  same  as  described  for  A,  and  the  scarph  is  usually 
one-fourth  the  length  of  the  beam. 

C,  the  moulded  and  sided  views  of  a  beam  on  a  plan  suggested  by 
Mr.  Edye,  an  English  shipwright;  it  is  a  modification  of  the  key 
scarph  of  the  joiner  of  very  ancient  d^te.  The  iron  keys,  which  are 
shcvn  in  the  sided  way  by  □,  are  tapered  to  form  wedges.  The  lips 
of  the  scarph,  or  the  extreme  ends  of  each  overlapping  part,  should 
be  square  to  the  moulded  edge  of  the  beam.  This  beam  is  secured 
in  its  scarph  by  bolts  marked  *,  and  tree-nails  marked  x-  The 
scarphs  of  Mr.  Edye's  beams  run  in  lengths  from  8  feet  to  8  feet  6 
inches  in  the  beams  of  a  first-rate. 

D,  a  modification  of  Edye's  beam,  having  only  one  key  to  it.  This 
method  of  scarphing  was  introduced  by  the  committee  of  reference 
instituted  by  the  British  Admiralty  in  1846.  ' 

E,  a  beam  suggested  by  Mr.  Lang,  also  an  English  shipwright;  it 
is  bolted  and  coaked  in  a  similar  manner  to  that  described  for  A.' 
The  lip  let  in  with  a  dovetail,  d,  is  the  characteristic  of  this 
plan. 


=^ 


The  beams  should  be  got  in  and  should  rest  upon  the  shelf,  s,  as 
n  fig.  61,  where  ef  is  the  height  of  the  round  up. 
Beams  should,  as  far  as  possible,  he  supported  amidships  hj piUare 
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Fra.  6S. — Mode  of  Working  the  Dagger,  Banging  and  Lodging  Knees  of  a: 
Old-faihioned  Waodea  Ship. 
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or  danohiona,  which,  when  of  iron,  are  usually  cylindrical,  with  pro- 
jections at  the  head  and  heel  for  fastening  them  to  the  beama  or 


Sometimes  they  are,  under  light  decks,  movable  in  the  wake  of 
the  capstan,  and  work  in  a  shoe. 

Half  beams  are  beams  running  from  the  ship's  side  to  a  carling. 

Paddle-box  beams  support  the  paddle-boxes  of  a  steamer,  the  oiiter 
side  being  supported  by  the  sprmj  beams,  which  lie  parallel  to  the 
ship's  side  and  rest  upon  the  paddle  beams,  which  run  athwartship 
and  parallel  to  each  other,  projecting  outside  of  the  ship  and  forming 
the  foundation  on  which  the  guards  rest. 

The  rigid  connection  of  the  beam  ends  to  the  sides  is  of  great 
importance  to  both  the  general  and  local  strength. 

In  iron  ships  this  is  effected  by  iron  Jcnees  or  bracket  ends,  which 
tie  the  beams  to  the  frame.  (See  fig,  62.)  There  are,  however,  a 
great  variety  of  modes  of  doing  this.* 

In  wooden  ships  the  beama  are  united  to  the  side  by  wooden  or  iron 
hiees  of  a  variety  of  forms,  aided  by  the  mode  of  fastening  the  shelf- 
pieces  and  waterways,  which  latter  keep  the  beama  dovm  on  the  shelf. 
The  old  mode  is  shown  in  fig.  63. 

The  most  general  arrangement  of  these  fastenings  now-a-days  is 


shown  in  fig.  64,  which  represents  a  cross  section  of  part  of  the  side 
of  a  wooden  ship. 

'Sob  "Lloyd's  Rules." 
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F  is  a  frame  ;  OP  the  outside  planting ;  IP  the  inside  planking ; 
B  a  deck  beam;  DP  tltefiat  of  the  deck;  S  the  shelf  to  which  the 
beam  end  ia  coaked,  the  coak  being  marked  by  dots  D ;  W  the  thick 
waterway ;  w  the  thin  waterway,  being  of  a  gradually  diminishing 
thickness  from'  the  thick  waterway  to  the  flat  of  the  deck ;  BS  the 
binding  strake  or  leUing-dovm  strake,  half  notched  to  the  beams;  K  a 
Jorked  iron  knee.  This  knee  has  four  arms ;  one  called  the  heam,  arm 
der  side  of  the  beam ;  another  called  the  side  arm 
,  through  the  frame,  and  if  necessary  through  a 
ape  and  size  as  may  be  required  to  fill  the  space; 
arms  form  a  fork,  embracing  the  sides  of  the  beam 
and  bolted  through  it.  The  positions  of  the  bolts  are  marked  by 
dotted  lines. 

The  butts  of  the  thick  waterways  are  not  scarphed  or  overlapped 
like  those  of  the  shelf.  They  are  placed  over  a  carliog  between  tie 
beams ;  and  on  decks  having  ports  the  butts  of  the  waterway  should 
be  under  the  ports  to  give  shift  to  the  butts  of  the  epirketing  and  to 
the  ports.  • 

Another  very  effectual  way  of  uniting  the  beam-end  to  the  water- 
way is  to  dowel  the  two  together  and  bolt  the  shelf,  beam-end  and 
waterway  together,  as  shown  in  fig.  65. 


is  bolted  to  the  u 
to  .the  ship's  sic 
chock  of  such  a  ! 
the  two  ri 


Fio.  65. 

In  men-of-war  the  waterway  requires  to  be  chined  or  gouged  out, 
as  in  fig.  66,  in  order  that  the  forward  gun  trucks  may  take  closer  to 
the  thick  waterway,  and  thus  allow  of  more  lateral  train. 
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Fig.  66. 

The  spirketing  (s)  should  be  doweled  to  the  timbers  of  the  frame  to 
keep  the  beams  and  waterways  perfectly  rigid  in  a  seaway. 

In  men-of-war  the  clamps  work  down  to  form  the  uj>per  porisill, 
while  the  spirheting  works  up  to  form  the  hwer  portsiU;  both  clamps 
and  spirketing  being  bolted  edgewise,  as  in  fig.  67, 

mi<er  liiie  of  ShrJf  i 


Fia.  67. 

The  space  between  the  clamps  and  spirketing  is  whut  in  with  thin 
plank  called  shortstuff,  and,  when  worked  in,  is  called  the  qui^k 
work.     This  is  sometimes  worked  diagonally  or  brace-fashion. 

In  fig.  67,  b  is  the  abutment  piece,  and  a  the  fritss  or  brace ;  the 
truss  e  being  reversed  in  the  spaces  between  the  after  ports.  This 
method  has  fallen  into  disuse  on  account  of  the  expense  of  conversion. 

The  following  description  of  the  midship  section  (fig.  68)  wiU  be 
found  useful  in  showing  the  relative  positions  of  the  strakes  of  plank- 
ing, both  inside  and  out :    * 

a.  Half  section  of  the  keel. 

b.  False  keeh 

ee,  Garboard  strakes  of  outside  planking. 
//,  Piank  of  the  bottom. 
jg,  Diminishing  plank. 


h,  Wales. 
z.  Black  strakes. 
xy.  Sheer  strakes. 


).  Outside  planking. 
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E,  EoTightree  rail. 
1!,  Water-way  to  spar  deck, 
(,  Shelf  to  spar  deck. 


5,  Main-deck  spirketing, 
p,  Main-deck  water-way. 

0.  Main-deck  sliel£ 
n,  Main-deck  clamps. 

m,  Berth-deck  spirketing. 

1,  Berth-deck  water-way. 
k,  Berth-deck  ehelt 

i.  Berth-deck  clamps. 
LLLL]Thick  strakca  worked  over  the  heads  of  the  3d,  2d  and  1st 

futtocka  and  floors. 
1111,  Spaces  between  the  thick  strakes. 
0,  Side  keelsons. 
d.  Main  keelson. 

F,  Head  of  the  fillings  of  wood,  placed  in  between  the  timbers 
as  described  in  the  text,  under  the  head  of  fillings  between 
frame  timbers. 
The  elevation  in  fig.  68  shows  the  position  of  the  ports  and  the 
trussing  between  them. 

In  iron  ships  the  water-ways  are  usually  made  of  iron  plates  lying 
flat  on  the  beams,  though  they  sometimes  have  a  rising  flange  or  ledge 
at  the  inner  edge  of  the  depth  of  the  planking,  so  as  to  form  an  open 
channel  for  water ;  and  are  sometimes  covered  by  wooden  water-ways. 
Fig.  57  (page  362)  will  show  the  first  method  referred  to ;  while 
figs.  54,  56,  58  and  62  will  sufficiently  describe  the  more  general 
methods  of  arranging  the  water-ways  in  iron  vessels. 

Figs.  69,  70,  71,  72,  73,  74  and  75  are  representations  of  knees 
for  securing  the  beams.      They  are  made  of  wrought  iron,  and  are 
I  better  than  wood,  because  they  occupy  less  space  with 
■  strength. 
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Varioai  Styles  of  Iron-kaees,     Scale  J  inch  fa  1  foot. 
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Fig.  69.— Eobert'a  plate  knee,  with  waTed  arm  to  tlie  beam  arm. 

Fig.  70. — B,  front  view  of  Lang's  beam-arm  knee;  C,  front  view  of  Lang's 
knee  (for  lower  deck  beams  in  lieayy  ships),  which  runs  down  below  the  orlop 
deck ;  D,  side  riew  of  same  knee. 

Fig.  71.— Section  of  a  kora  knee  with  three  bolts  in  the  horn  h  ivhich  clasps 
the  i^am. 
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F,  fig.  72,  section  of  an  iron  clutch-knee  used  in  foreign  men-of- 
war.     This  knee  is  worked  to  the  internal  planking  and  beam  arm, 

G,  fig,  72,  front  view  of  tlie  above  knee;  the  upper  bolts  are,  in 


Fig.  73  is  a  plate  knee,  H  showing  sidi 
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the  knee.  The  objectioa  to  this  fenee  ia  that  the  bolta  in  the  beam 
arm,  being  all  in  one  range  of  the  fibree  of  the  wood,  have  a  tendency 
to  split  the  beam  end. 

Fig.  74  is  an  iron  knee  used  in  securing  the  beam  ends  of  the 
poop  deck.    It  is  usually  called  a  dog  plate;  the  upper  part  of  the 


knee  is  formed  as  a  round  bolt  long  enough  to  pass  through  the 
beam  ;    the  bolt  6  being    clinched    above.      The  bolts  in  A  pass 
through  the  shelf  and  ship's  side.     L,  a.  aide  section  of  Ab. 
JFig.  75— Hanging  knee  of  iron. 
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BREAST-HOOKS  AND  CRUTCHES— DECK-HOOKS  AND  TRANSOMS— HATCHES  AND 
SCUTTLES— BITTS  AND  STOPPERS— HAMMOCK  METTINGS—CHANNELS— FAST- 
ENINGS,   ETC. 

To  unite  the  two  sides  of, the  ship  together  forward  and  aft — where 
the  lower  timbera  do  not  cross  the  keel — inside  timbers  or  plates  are 
worked. 

Forward,  these  are  termed  breast-hooks;  aft,  they  arc  called 
crutehes. 

The  arms  of  the  breast-hooks  and  enitehea  extend  equally  on  each 
side  of  the  middle  line,  being  widest  at  their  tliroat  and  tapering  to- 
ward each  end  of  the  arm.  (See  figs.  77  and  78). 


Fig,  76  is  a  deck-hook ;  cro  being  ekings  of  wood  the  same  depth 
as  the  moulding  of  the  beams ;  they  are  scarphed  together  at  the 
middle  (m),  and  an  iron  hook  is  then  worked  over  them  of  tha 
breadth  of  5  or  6  inches.  The  bolts  in  the  throat  of  the  deck- 
hook  are,  in  a  large  ship,  ll-iuch  bolts,  and  those  at  the  ends  are 
f  or  I  of  an  inch  in  diameter. 
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d  C  (fig.  77)  are  iron  breast-hooh. . 
Fig,  78,  iron  crutches  used  to  connect  the  two  sides  of  the  ship  at  the 
.  after  extreme ;  the  centres  b  and 
c  being  placed  on  the  upper  side 
of  the  after  deadwood,  the  arms 
lying  across  the  heels  of  the  tim- 
bers, so  that  the  bolts  shown  in 
the  figure  are  each  in  separate 
limbers. 

The  breast-hooks  are  equally 
spaced  between  the  dech-hooke, 
>  which  serve  to  unite  the  forward 
and  after  parts  of  the  decks  to  the  sides  and  beams. 

They  are  also  placed  square  to  the  stem  and  the  form  of  the 
bow,  by  which  they  cross  several  of  the  cant  timbers  and  tie  them 
to  Jhe  Stem. 

The  deck-hooka  must  have  their  upper  surfaces  ikir  with  the  round 
up  of  the  beam  and  sheer  of  the  decks,  and  therefore  their  position  is 
fixed  by  the  height  of  the  several  decks. 

The  diifieulty  which  attends  the  conversion  of  timber  into  breast- 
hooks,  deck-hooks  and  crutches  has  led  to  'their  being,  in  some 
instances,  made  wholly  of  iron ;  in  others,  of  a  combination  of  wood 
andiron;  and  again,  of  an  assemblage  of  wooden  pieces.  When  wholly 
of  iron,  tliey  arc  strapped  over  the  apron,  as  shown  in  fig.  79  (c). 
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i  of  wood  and  iron,  two  arma  of  wood,  called  ekings, 
are  worked,  the  upper  surface  being  flush  with,  the  upper  side  of  the 
apron,  while  on  tlie  upper  side  of  these  an  iron  breast-hook  or  plate 
of  iron  is  placed  and  bolted  through  the  frame-timbers  and  planks. 
When  formed  of  wood,  two  ekings  are  worked,  as  pointed  out  in  the 
combination  of  wood  and  iron  (D),  and  then  a  wood  hook  over  them, 
the  whole  beiilg  bolted  to  the  ship's  bottom. 

The  size  of  the  bolts  used  in  these  ties  for  connecting  the  sides  of 
the  ship  at  the  fore  and  after  extremes  vary,  even  in  the  same  hook 
or  crutch,  the  bolts  in  tlie  throat  of  the  hook  being  larger  than 
those  in  the  arms.  The  bolts  in  wooden  breast-hooks  should  be 
placed  across  (as  1 1,  2  2  in  D  fig.  79)  in  order  to  bring  the  fasten- 
ing square  to  the  outside  plank. 

The  bolts  should  be  spaced  on  the  upper  and  lower  edges  of  the 
depths  of  these  hooks,  such  depths  being  in  the  deck-hooks  usually 
tie  moulding  of  the  beams  of  the  respective  decks. 

The  foundations  for  the  decks  aft  are  called  deck  transoms;  they 
are  worked  in  a  similar  manner  to  the  deck-hooks  in  the  forward 
part  of  the  ship. 


In  square-sterned  ships  the  wing  transom  forms  the  base  ( 
stem. 

The  beams  having  been  gotten  into  place  and  pillared,  the 
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worked,  and  the  water-ways  aod  spirketliig  placed  over  the  beams, 
the  next  step  In  building  is  to  frame  the  dealcs. 

First  in  order  are  the  mmUholes  or  moai-roonw.  These  are  larger 
than  their  respective  masts,  at  their  several  heights,  by  double  the 
thickness  of  the  maslrwedges,  and  the  wedges  vary  in  thickness  from 
3  to  6  inches,  according  to  the  size  of  the  vessel. 

The  framing  of  a  maat-hole,  where  wedges  are  used,  is-  composed  of 
fore-and-afi  partners,  mjsa-pariners  and  corner-choeh.  There  should 
be  a  jioaming  around  each  mast-hole.  French  men-of-war  have  some- 
times the  cross-partners  of  the  foremast  movable  on  the  several  decks, 
in  order  to  admit  of  an  alteration  in  the  rake  and  step  of  the  foremast. 

Next  come  the  openings  in  the  deck  for  giving  access  to  the  decks 
below,  called  ladder-ways  and  hcdckwayg. 

Hatchways  are  formed  of  four  pieces,  two  placed  fore  and  aft,  called 
coamings,  and  two  placed  athwarfships,  called  kead^edges'  (fig.  80). 
The  head-ledges  rest  on  the  beams,  and  the  coamings  on  pieces  called 
carlinga  placed  under  them  and.  reaching  from  beam  to  beam. 


od  Coaming?. 
U  Gud-IedgeB. 
0  Carlliisnnder 


Fia.  80. 
The  carling  c  is  worked  2  inches  wider  than  the  coamings,  to  form 
a  support  to  the  strake  of  deck-fiat  that  comes  on  it.  The  head- 
ledges  and  coamings  are  doweled  and  bolted  to  the  beams  and  carl- 
ings.  The  coamings  have  a  rabbet  taken  out  of  them  to  receive  the 
gratings  for  covering  the  hatches. 
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The  height  of  the  coamings  varies  in  different  ships ;  those  shijs 
which  take  much  water  aboard  in  a  sea-way  should  have  the  highest 
coamings. 

The  coverings  over  the  lidder-ways  are  called  companions;  some- 
times booby-kaklie* 

Iron  skips  have  iron  carlmga 

The  jkit  of  the  deck  usually  consists  of  plank  lying  fore  and  aft; 
sometimes  the  plunking  of  the  deck  is  laid  diagonally,  in  order  to 
give  transverse  stiffness ,  but  it  is  better  to  lay  it  fore  and  atl  for  the 
sake  of  longitudinal  strength,  and  to  obtain  transverse  Stiffness  by 
means  of  flat  diagonal  braces  of  iron  laid  above  the  beams  and  below 
the  planking. 

In  iron  ships,  great  additional  longitudinal  strength  is  gained  by 
plating  the  upper  deck  with  iron,  over  which  planking  is  laid.  (Fig, 
58.)  The  same  object  is  gained  in  wooden  and  iron  ships  by  means 
of  deck-atringerg.  In  wooden  ships,  next  to  the  thick  water-way  at 
the  side,  a  plank  1  inch  greater  in  thictnesa  thsm  the  deck  is  worked; 
one  edge  being  placed  in  a  rabbet  formed  in  the  main  water-way  for 
its  reception ;  this  is  called  the  Ikin  water-way.  The  inner  edge  is 
reduced  to  the  thickness  of  the  deck  plank,  and  the  use  of  the  thin 
waterway  is  to  receive  the  ends  of  the  decks  forward  and  aft,  as  shown 
by  fig.  81.    In  large  ships  the  thin  water-way  should  be  bolted  with 


Fig.  81. 

short  bolts  into  the  beam,  to  resist  the  caulking  of  the  seam  of  the 
thick  water-way. 

There  are  in  double-decked  vessels  two  pair  of  riding  bitts  for  the 
bower  and  sheet  chain  cables.  Fig.  82  shows  those  generally  in  use 
at  the  present  time,  the  bitt  used  in  the  United  States  Havy  being 
a  slight  modification  of  fig.  82. 

A,  in  fig.  82  (a),  is  a  worm  or  thread  cast  in  the  iron  hood  (A), 
which  forms  the  separation  between  the  turns  of  the  chain  cable,  two 
of  which  can  be  taken  round  the  bitt  head  when  thus  fitted. 

Fig.  82  (6)  is  a  plan  of  the  bitt  head,  with  the  iron  hood  (h)  round  it. 
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B  and  C,  mortises  or  holes  cut  thro  gl    the 
*ive  the  cable  supports  and  thus  keep  the  turns 
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rate.  The  cable  supports  inserted  in  these  mortises  are  shown  by 
sections;  that  of  plan  being  marked  k,  and  elevation  e. 

D  and  E,  holes  through  the  upper  casting  (e),  to  receive  bitt-pios 
which  prevent  the  upper  turns  of  the  cable  from  flying  off  over  the 
bitt  head  when  the  cable  is  veered  rapidly. 

F,  standard  or  wood  knee  to  the  riding  bitt,  to  which  the  flange  of 
the  lower  hood  is  secured— the  standard  (F)  being  principally  de- 
signed to  support  the  riding  bitt  and  resist  the  strain  brought  on  it. 
The  standard  should  be,  in  height  from  the  deck,  about  twice  the 
circumference  of  the  cable. 

Cable  supports  are  usually  called  catnk. 

These  bitts  should  run  down  through  two  decks,  but  the  stanchion 
(d)  is  not  secured  by  a  standard  on  the  lower  one. 

Figs.  83  and  84  give  another  view  of  a  pair  of  riding  bitts  used  in 
heavy  ships. 
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Fig.  83  is  a  side  elevation,  and  fig.  84  a  plan.    DB,  DB,  DB,  are 
lower  or  main  deck  beams ;  OB,  an  orlop  or  berth  deck  beam ;  BB, 


fcj 


are  the  hiUg;  CP,  a  cro^-pieee;  ST,  ST,  are  two  dandarda  or  hori- 
zontal kuees,  bolted  to  three  beams  in  order  to  resist  the  forward  pull 


Fig.  84. 


of  the  cable ;  HI,  is  the  chain  cable ;  H,  being  toward  the  hawse-hole, 
and  I  toward  the  chain-locker.  ^ 

These  bitts  are  generally  of  wood,  with  a  casing  of  iron. 

ST  is  sometimes  called  a  Sampson  knee. 

Single-decked  vessels  have  but  one  pair  of  riding  bitts. 

In  the  merchant  service  the  windlass  answers  for  bitta  as  well  aa 
capstan. 

The  hawse-holes  for  the  cables  are  four  in  number  (except  in  small 
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vessela,  which  have  only  two),  and  are  usually  placed  in  range  of  the 
main  deck  and  between  the  cheeks  of  the  head.  They  pass  through 
two  thick  pieces  of  wood  called  the  bolsters  of  the  hawse,  each  bolted 
outside  the  plating  or  planking  of  the  bows.  Each  hawse-hole  is 
lined  with  a  cast-iron  hawse-pipe,  the  usual  dimensions  of  which  are 
nearly  as  follows : 

Inside  diameter,  from  9  to  10  times  the  diameter  of  the  cable  iron ; 
thickness,  three-fourths  of  the  diameter  of  the  cable  iron. 

The  kawse-Iioles  are  stopped  when  required  with  bucklers,  which 
work  on  a  hinge ;  a  score  being  taken  out  to  admit  the  link  of  the 
cable. 

Scuppers  are  holes  lined  with  lead  or  mixed  metal,  and  some- 
times galvanized  iron,  for  discharging  water  from  the  deck  to  the  sea. 
Eaoh  of  these  pipes  is  sometimes  made  in  two  lengths,  connected  re- 
spectively with  the  outer  and  the  inner  skin, 

A  short  way  abaft  the  hawse-holes  on  the  working  deck  is  a  low 
upright  partition,  composed  of  plank  (shod  with  a  casing  of  iron) 
lying  athwartships.  This  is  called  the  manger-board,  and  is  to  pre- 
vent the  water  which  may  come  in  at  the  hawse-holes  from  flooding 
the  deck. 

The  space  included  inside  the  manger-boards  is  called  the  manger, 
and  a  pair  of  scupper-holes  for  discharging  the  water  the  manger- 
icupperi. 

The  ends  of  the  manger-boards  fit  into  rabbets  in  upright  pieces 
called  manger-stanchions,  of  which  there  are  either  two  or  four,  accord- 
ing as  the  boards  are  in  two  or  three  lengths. 

Mangers  are  now  little  usetl  in  merchant  vessels,  since  they  are 
rendered  unnecessary  by  the  hawse-pipes  being  made  to  slope  up- 
ward from  the  hawse-holes,  and  so  to  conduct  the  cables  to  the  deck 
next  above  the  hawse-holes  instead  of  that  next  below. 

For  the  purpose  of  regulating  and  checking  the  motion  of  the 
cable  as  it  runs  toward  the  hawse-holes,  controllers  are  used  in  con- 
nection with  the  bitts  and  herih^deek  eompresiors. 

A  controller  is  a  cast-iron  block,  having  a  hollow  in  its  upper  side 
of  the  shape  of  a  link  of  the  chain  cable.  They  are  bolted  to  the 
deck  forward  of  the  bitts,  and  also  (in  large  ships)  forward  of  the 
duiin  loeker-pipe.  The  cable  while  lying  on  the  controller  tends  of 
iteelf  to  drop  into  the  hollow  slot,  and  while  there  it  is  held  by  one 
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of  iffi  links  which  lies  flat  in  the  hollow ;  but  at  the  bottom  of  the 
hollow  is  a  jog  or  short  lever  arm  which  can  be  raised  by  a  longer 
lever,  and  so  lift  the  cable  out  of  the  slot  when  it  runs  out  until  the 
iever  is  let  go  and  the  jog  dropped. 

The  compressor  in  general  use  is  shown  in  figs.  85  and  86. 

Description  of  the  Elemtion  and  Plan  of  a  Compressor  (Jigs.  85  and 

86)  for  checking  the  Chain    Cable  when  ruwaing  out  round   the 

Hiding  Bitts. 

Fig.  S5— Elevation 

a,  Section  of  iron  pipe  for  the  cable  to  run  through. 

6,  A  chock  let  down  through  the  deck  (c)  to  the  beams,  d,  d. 

e,  Deck, 
d,  d,  Beams. 

g,  Compressor  or  bent  lever  pivoting  on  the  bolt/,  which,  by  the 
use  of  a  tackle,  is  made  to  nip  the  chain  against  the  pipe 
and  beam.  The  chain  cable  has  been  found  to  force  down 
the  compressor  and  the  bolt  {/J,  which  has  caused  the  intro- 
duction of  the  strap  (e)  bolted  to  the  beams  (_d,  d). 

m.  Callings  let  down  between  the  beams  (d,d)  to  form  a  bed  for 
the  iron  pipes,  a. 

Fig.  86. — Plan  of  the  Ccrmprasor,  and  supposed  to  represeid  the  underside  of  the 
Deck  o/nd  Beams. 

a,  Pipe  for  the  chain  cable,  which  in  men-of-war  is  two-thirds  of 
the  diameter  of  the  hawse-hole  in  the  clear. 
dd,  Underside  of  the  beams.  . 

g,  A  section  of  the  compressor. 
k,  Head  of  the  bolt  (/  of  elevation)  on  which  the  compressor 

revolves. 
h,  A  fen  or  counterbalancing  arm  worked  in  the  compressor  to 

assist  the  staple  e  in  keeping  the  compressor  in  its  place. 
i,  An  iron  plate  screwed  on  to  the  underside  of  the  beam,  to  form 

a  hard  surface  for  the  fan  (A)  to  work,  upon. 
e.  Strap  to  support  the  compressor  (g). 

This  compressor  was  invented  by  Captain  Chasman,  of  the  British 
Navy,  the  addition  of  the  fan  (K)  and  strap  (e)  being  suggested  by 
practice. 
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The  decks  and  the  beams,  stanchiom 
and  bulkheads  of  a  man-of-war  must 
be  of  a  strength  sufficient  to  bear  the 
weight  of  the  battery. 

In  ships  pierced  with  port-holes  for 
guns,  the  longitudinal  strength  thus 
taken  away  must  be  supplied  by  add- 
ing sufficiently  to  tlie  sectional  area  of 
the  skin  and  framing  above  and  below 
the  ports.  In  iron  ships  of  war  (of  the 
broadside  type)  the  skin  above  and 
below  the  tiers  of  the  port-holes  is 
doubled,  and  longitudinal  stringers  are 
fixed  outside.  Port-holes  were  for- 
merly made  about  4  feet  square;  at 
present,  though  the  height  is  not  much 
dimiuished,  the  breadth  is  in  iroE-cased 
ships  reduced  to  2  feet,  and  in  turret 
shijis  to  little  more  than  the  width  of 
the  gun. 

The  distance  apart  from  centre  to 
centre  ranges  from  10  to  18  feet,  ac- 
cording to  the  battery  carried.  The 
lowest  portrsiil  should  be  at  such  a 
height  as  not,  in  a  two-decked  vessel, 
to  be  immersed  by  a  roll  of  from  10" 
to  12°,  and  in  a  single-decked  yeasel  by 
a  roll  of  from  15=  to  20". 

In  ships  of  war  not  armored,  each 
porthole  is  closed  by  a  •port-lid  open- 
ing upward,  or  by  a  pair  of  port-lids 
opening,  one  upward  and  the  other 
downward,  and  called  half  ports. 

Figs.  83  and  89  show  the  elevation 
of  two  ports — one  a  ^ar-deck  port,  the 
other  a  main-deck  port. 

aa,  fig.  89,  eye-bolts  in  the  shelf  of 
the  main  deck,  called  muzzle-lashing 
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bolffi.  The  muzzle  of  the  gun  in  bad  weather  is  placed  against  the 
shelf  between  them,  and  a  strong  lashing  passed  round  it  and  through 
the  eye-bolts  (aa).     Bolts  i  inch  in  diameter. 

dd,  Eye  bolts  for  the  side  tackles,  J  inch  in  diameter. 

c,  Ej/e  bolts  placed  between  the  ports  for  extreme  training  of  the 
muzzle  of  tbe  gun  as  far  forward  or  aft  as  the  side  will  admit,  called 
"fighting  bolU." 

bb,  Breeehiiig  and  preventer-breeching  bolts;  the  first  from  the  side 
of  the  port  receives  the  breeching  used  to  restrain  the  recoil  of  tbe 
gun ;  the  other,  or  preventer-bolt,  being  intended  as  a  resource  in 
the  event  of  the  first  drawing. 

The  ports  in  the  United  States  Navy  admit  of  11°  elevation  and 
9°  depression.  The  remainder  of  the  fittings  about  the  decks  may  be 
'  comprised  as  follow : 

Seuttfes  or  light  ports  are  small  openings  for  light  and  air,  and  in 
iron  ships  are  round.  In  wooden  ships  they  are  round  in  men-of- 
war,  and  square  in  merchantmen. 

They  are  clo  e  1  by  pane  of  hea\-v  glass  (sometjm&f  ground)  set  m 
strong  metil  frames  ind  if  uecessarr  in  bad  weitber  by  dead  lights 
or  water  tij,ht  i    port. 

The  term  geuttli'  k  al  o  applied  to  ''mall  bitche  in  the  deck  aiil 
their  co-\ers  ire  called  cap  leuttles 

The  cab  n  ports  or  uindoiis  are  less  used  m  iron  than  in  wooden 
ships.  Tl  ey  aie  oi  various  shapes  more  or  less  di  torte  1  so  ab  to 
suit  the  roun  1  up  of  the  decks  and  the  rale  of  thi,  counter  timber* 
They  are  arranged  to  close  m  lad  weather  by  water  tight  shutters 
called  dead  lijhL 

In  wooden  ships  of  war  they  =omettmes  open  upon  overhanging 
balconies,  called  stem  galleries  and  quarter  galleries. 

Bulkheads  or  partitions  are  sometimes  used  to  give  transverse 
strength  to  the  ship  and  divide  her  into  water-tight  compartments. 

Bulkheads  of  lighter  construction,  and  capable  of  being  removed 
vhen  required,  are  used  to  enclose  state-rooms,  cabins,  etc.,  and  to 
separate  apartments  in  the  ship. 

Longitudinal  or  fore-and-aft  bulkheads  are  sometimes  used  to  add 
to  the  longitudinal  strength  of  the  ship.  They  act  like  the  web  of  a 
girder,  to  resist  longitudinal  racking  and  bending. 

For  the  same  purpose,   longitudinal  girders  or  hog  frames  are 
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sometimes  used  in  long,  shallow  vessels  like  the  North  river  steam- 
boats. 

These  consist  of  an  upper  and  lower  stringer,  connected  together 
by  a  skeleton  framework  of  upright  and  diagonal  braces.  The  upper 
stringer   is  usually   arched,    and  the  lower  stringer  may   form  a 


Sometimes  the  duties  of  the  upper  stringer  are  done  by  iron-rod  or 
wire  day-ropes,  descending  obliquely  from  the  heads  of  upright  masts 
or  stanchions  to  the  ends  of  the  vessel.    This  latter  is  usually  termed 

Bulwarks  are  those  parts  of  the  ship  which  rise  above  the  spar 
deck. 

The  waist,  quarter  deck  and  forecastle,  or  the  flush  deck,  of  all 
ships  of  war  aud  of  some  merchant  ships  have  dose  bulwarks.  Their 
vertical  framing  in  wooden  ships  consists  of  the  top  timbers  of  the 
frame ;  in  iron  ships  it  may  consist  of  the  tops  of  the  frames  or  of 
strong  wooden  bultvark  stanchions  secured  to  the  tops  of  the  frames 
and  to  the  inside  of  the  sheer  strake.  The  outside  of  the  bulwarks 
may  be  either  plated  or  planked,  and  the  inside  also,  if  required. 
Along  the  top  runs  a  piece  called  the  gunwale  at  the  waist  of  a  ship, 
and  the  plank  sheer  at  the  quarter  deck  and  forecastle  of  a  ship  with 
a  waist,  and  throughout  the  whole  length  of  a  flush-decked  ship.  The 
upright  or  curved  pieces  of  timber  that  connect  the  gunwale  with  the 
plank  sheer  are  called  drift  pieces.  In  some  merchant  ships  the 
gunwale  is  continued  all  round,  a  little  above'  the  level  of  the  quarter 
deck  and  forecastle  (or  spar  deck,  as  the  case  may  he) ;  and  those 
decks  have,  instead  of  bulwarks,  an  open  railing,  with  or  without  a 
netting.  The  poop,  top-gallant  forecastle  and  bridge  have  almost 
always  an  open  railing  only.  The  bulwarks  may  be  made  to  con- 
tribute to  the  general  strength  of  the  ship. 

A  railing  or  balustrade  standing  athwartships  across  a  deck — say, 
for,  example,  at  the  break  of  the  poop  or  top-gallant  forecastle — is 
called  a  breast-worli,  and  the  beam  under  it  a  breast-beam. 

Above  the  gunwales  of  ships  of  war  are  fixed  the  hammock  nettings, 
consisting  of  a  row  of  forked,  upright  iron  or  wooden  stanchions, 
supporting  a  netting  in  which  are  stowed  the  hammocks.  (See 
figs.  90  and  91.) 
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Hummock  Nettings. 


Fig.  91. 


(a),  fig.  90,  haramoek  stanchions  of  iron,  with  horns  to  receive  the 
rails.  (6),  rails,  3  inches  by  2i  inches,  to  form,  with  berthing  or 
board  of  iths  inch  thickness,  the  nettings  fore  and  aft  for  the  ham- 
mocks,    (c),  roughtree  rail. 

Pig.  91,  the  same,  made  wholly  of  wood.  ■ 

Channels  are  flat  ledges  of  wood  or  iron  projectJDg  outboard  from 
the  ship's  sides,  for  spreading  the  lower  shrouds.  The  extent  of  pro- 
jection is  made  sufficient  to  carry  the  shrouds  some  five  inches  clear 
of  the  hammock-rails,  either  outboard  or  inboard.  Generally  the 
shrouds  pass  outboard  of  the  rail,  but  in  some  cases  they  are  made 
to  pass  inboard,  and  are  in  such  cases  homed  in  the  hammock  netting. 

Ships  are  oftfin  made  vdthout  channels,  the  chain-plates  being 
secured  to  the  gunwale  or  the  sheer  strake. 

The  foremost  end  of  the  channels  is  usually  so  placed  as  to  be 
nearly  abreast  of  the  fore  side  of  the  lower  mast  to  which  they 
belong.  The  length  of  the  channels,  in  a  fore-and-aft  direction,  is, 
on  an  average,  about  one-half  of  the  length  of  the  lower  mast  from 
spar  deck  to  cap. 

One-half  the  length  from  hounda  to  spar  deck  is  the  part  usually 
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occupied  by  the  spread  of  the  rigging.  The  thickness  of  the  chan- 
nels is  about  once  and  a  half  that  of  the  skin  of  the  ship's  side 
where  they  are  fastened  on,  supposing  the  material  to  be  the  same. 
"Wooden  channels  are  made  from  one-third  to  one-fourth  thinner  than 
this  at  the  outer  edge,  which  is  sometimes  bound  with  an  iron  bar  or 
plate  of  the  same  depth  oallcd  the  guard-plate.  Channels  are  bolted 
to  the  ship's  side  edgewise  with  'thwartship  bolts  at  intervals  of  about 
three  feet,  and  are  supported  from  below  by  wrought-iron  knees  or 
brackets  at  about  the  same  interval  apart.  The  planks  of  which 
wooden  channels  are  built  are  coaked  together  at  their  edges  with 
coaks  at  about  the  same  interval  also. 

The  chains  pass  over  the  edge  of  the  channels  through  a  notch, 
and  are  fastened  to  the  side  by  the  chairirplales,  in  the  toe-link  of 

III    ~    I 
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which  are  the  eradle-bolis.  To  the  upper  part  of  the  chains  the  bind- 
ings of  the  deadeyeg  are  secured.     (See  fig.  92,  A  and  B.) 

All  bolts,  that  are  used  in  fastening  any  portion  of  the  timbers  or 
frame,  should  pass  through  w  hers  or  rings  at  their  ends  and  over 
which  they  are  to  be  d%  ehed 

A  bolt  which  is  to  be  untastened  iceasionally  may  be  secured 
either  by  meaus  of  a  screw  ind  nut  or  by  means  of  a  pin  or  wedge, 
called  a,foreloeJc,  passing  thro  gh  a  hole  in  the  end  of  the  bolt.  The 
screw  and  nut,  if  properly  proportioned,  may  be  made  nearly,  though 
not  quite,  as  strong  as  the  body  of  the  bolt ;  the  forelock  ia  not  more 
than  half  the  strength. 

Copper  and  yellow  metal  are  the  only  suitable  metals  for  the  fasten- 
ing of  outside  plankmg.  Where  such  bolts  are  used  throughout,  at 
least  two-tkirds  of  them  should  be  driven  through  and  clinched ;  the 
remaining  third  may  be  short  bolts,  called  dump-boUa,  stopping  in 
the  frame  timbers. 

Every  butt  in  the  outside  planting  should  be  fastened  with  two 
bolts,  one  of  which  should  be  driven  through  and  clinched.  Wherever 
important  fastenings  are  made,  all  bolta  should  go  clear  through  and 
clinch.  The  heads  and  rings  of  the  bolts  should  be  eounter-mnk  in 
the  outside  planking.  A  certain  amount  of  drijl  should  be  given  to 
each  bolt. 

Treenails  when  driven  are  clinched,  aa  it  were,  by  eaulMng;  that 
is,  two,  three  or  four  cuts,  according  to  the  size  of  the  treenail,  in  the 
form  of  a  cross,  triangle  or  square,  are  made  in  its  ends  with  a  chisel, 
and  are  then  caulked  so  as  to  spread  the  ends. 

Two-thirds  of  the  treenails  should  pass  through  both  skins ;  the 
other  third  may  be  short  like  the  dump-bolts. 

Screw  treenails  having  a  screw  thread  cut  in  them  have  been  uaed 
in  England  and  Scotland. 

In  iron  shipa,  plate-iron  decks  or  parts  of  decks,  such  as  watei^ 
ways,  stringers  and  diagonals,  are  riveted  to  iron  beams.  (See  fig.  58.) 
The  deck-planking,  or  flat  of  the  deck,  is  bolted  to  iron  beams  with 
galvanized  iron  bolts. 

When  the  beams  are  of  timber,  the  planks  are  usually  fastened  to 
them  with  decJc-naih,  two  to  each  strake  and  beam — which  nails,  for 
the  wetrffter  decks  or  exposed  decks,  are  of  mixed  metal,  and  for  other 
decks,  of  iron.    Treenails  are  frequently  used  for  the  same  purpose. 
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ON    COMPOSITE    SHIPS, 

The  principal  object  in  building  composite  ships  is  to  combine  the 
durability  and  small  friction  of  copper  sheathing  upon  a  wooden 
bottom  with  the  greater  strength,  lightness,  simplicity  and  cheapness 
possessed  by  an  iron  frame. 

A  principle  requiring  special  attention  in  composite  ship-building 
is,  that  every  piece  of  iron  must  be  eompletely  insulated,  or  cut  off, 
from  electrical  communication  with  any  piece  of  copper  or  its  alloys ; 
otherwise  the  iron  will  be  rapidly  corroded. 

One  thing  should  be  kept  in  mind  in  composite  ship-building, 
which  is,  that  while  the  expansion  of  wood  by  heat  is  insensible, 
that  of  iron  is  about  ^th  of  its  length  for  the  difference  of 
temperature  between  the  freezing  and  boiling  points  of  water.  This 
feet  leads  to  the  belief  that  it  is  better,  in  composite  ship-buUding,  to 
make  all  pieces  which  lie  fore  and  aft  of  wood,  and  all  those  which 
lie  athwartahips  or  diagonally,  or  which  stand  upright,  of  iron, 
rather  than  to  combine  pieces  of  different  materials  in  positions 
parallel  to  each  other. 

The  system  of  composite  ship-building  most  generally  practiced  is 
that  known  as  Jordan's  system,  in  which  the  whole  outer  skin, 
including  keel,  stem,  stem-post  and  planking,  is  of  wood,  arranged 
as  in  the  skin  of  an  ordinary  wooden  ship;  and  the  framework 
inside  of  the  skin — including  frames,  beams,  keelsons,  stringers, 
shelf-pieces,  water-ways,  hooks,  transoms,  diagonal  braces,  etc. — is 
of  iron,  arranged  nearly  as  in  an  ordinary  iron  ship,  "channel"  or 
trough-shaped  iron  being  used  for  the  frames. 

The  bolts  which  festen  the  skin  to  the  frames  are  of  iron,  generally 
"galvanized"  or  coated  with  zinc;  and  their  outer  ends  are  counter- 
sunk in  holes  of  such  a  depth  that  the  iron  bolts  can  be  electrieaily 
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insulated  from  the  copper  sheathing  by  plugging  the  holes  with  pitch 
or  other  suitable  non-conductor  of  electricity. 

In  the  second  method,  known  m  MacLaine's,  there  ia  a  complete 
water-tight  inner  skin  of  iron  plating,  with  its  internal  framing,  viz., 
beams,  stringers,  keelsons,  bulkheads  (complete  or  partial),  stanch- 
ions, platforms,  etc.,  of  iron  also. 

Outside  the  inner  skin  are  riveted  transverse  iron  frames.  Into 
each  alternate  space  between  the  iron  frames  ia  fitted  a  wooden  frame, 
which  is  bolted  to  the  two  contiguous  iron  frames  with  forc-and-afl 
galvanised  iron  bolts.  It  projects  nearly  half  its  depth  outside  of  the 
iron  frames.  Outside  of  the  wooden  frames  is  a  complete  wooden 
skin  (including  keel,  stem,  stern-post  and  plankingj  fastened  to  the 
wooden  frame  with  treenails  or  mixe«l-metal  bolts.  The  apron,  in- 
ner-post and  deadwood  are  inserted  between  and  boltcl  to  angle- 
irons,  which  are  riveted  upon  the  inner  skin.  The  outf-ide  of  the 
inner  skin  is  coated  with  cement,  pitch  or  paint  before  putting  on 
the  wooden  frame  or  skin. 

The  spaces  between  the  wooden  frames  are  ventilated  artificially ; 
though  in  the  armor-plated  parts  of  ships  of  war  they  may  be  filled  up 
solid  with  the  wood.  Any  water  which  may  get  through  the  outer  skin 
lodges  in  the  spaces  between  the  wooden  floors,  whence  it  is  removed 
by  pumping.  To  diminish,  when  required,  the  weight  and  cost  of  the 
wooden  framing,  every  alternate  wooden  frame  may  be  omitted  and 
replaced  by  a  bent  plank  of  teak  or  other  sufficiently  strong  timber 
fastened  to  the  outer  skin  only. 

In  another  system,*  the  ship  has  a  complete  inner  skin  of  iron,  on 
the  outside  of  which  are  riveted  transverse  iron  frames  of  a  Z- 
shaped  section.  The  spaces  between  the  frames  are  filled  up  tight 
with  timbers  shaped  like  the  frame  timbers  of  a  wooden  vessel,  rab- 
beted into  each  other  and  bolted  with  fore-and-aft  bolts  to  each  other 
and  to  the  iron  ribs.  Between  these  filling  timbers  and  the  iron 
skin  is  a  layer  of  pitch.  The  filling  timbers  project. beyond  and 
completely  cover  the  outer  flanges  of  the  iron  ribs,  and  the  seams 
between  them  are  caulked,  aod  have  a  groove  running  down  the  out- 
side edge  of  each  of  them. 

Outside  the  filling  timbers  ia  a  wooden  skin  consisting  of  a  keel 
and  fore-and-aft  planking  laid  and  caulked  in  the  usual  way,  and 
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festened  to  the  filling  timbers  with  mixed-metal  naila  and  bolta. 
Any  wat^r  which  penetrates  through  the  seams  of  the  outer  skin  is 
caught  by  the  grooves  along  the  seams  of  the  filling  timbers,  runs 
down  those  grooves  into  a  limber  or  water-passage  cut  in  the  upper 
side  of  the  keel  and  is  drawn  from  that  passage  by  a  pump.  The 
beams  are  of  iron,  connected  with  the  inner  skin  by  means  of  jussefe 
or  knees. 

Another  system*  consists  in  imbedding  iron  frames  between  two 
wooden  skins,  and  is  as  follows :  There  are  two  complete  wooden 
skina,  each  laid  fore  and  aft ;  the  outer  skin  consisting  of  keel,  stem, 
stem-post  and  planking,  and  the  inner  skin  of  keelson,  ceiling  or 
inner  planking  (made  of  planks  or  timber,  as  may  be  needed  for 
Strength),  shelf-pieces,  water-ways,  etc.,  so  that  ail  the  longitudinal 
pieces  in  the  ship  are  of  timber. 

The  transverse  pieces  are  of  iron,  and  consist  of  ribs  or  frames  and 
deck-beams.  The  wooden  skins  have  a  layer  of  tarred  felt  between 
them,  and  are  fastened  directly  together  with  copper  or  mixed-metal 
bolts  or  wooden  treenails,  so  that  their  seams  break  joint  with  each 
other,  and  they  hold  the  iron  ribs  between  them  imbedded  in  grooves 
in  the  inner  skin ;  thus  those  ribs  are  not  weakened  by  rivet  holes, 
and  are  not  in  contact  with  electro-positive  metal.  Both  skins  are 
caulked,  the  inner  one  both  inside  and  out ;  and  the  strakes  of  the 
inner  skin  (including,  keelson,  shelf-pieces,  etc.)  are  coaked  and 
bolted  to  each  other  edgewise. 

Lastly,  there  is  a  systemt  in  which  both  frame  and  skin,  up  to  the 
load  water-line,  are  built  of  wood,  while  both  frame  and  skin  above 
that  are  built  of  iron.  The  iron  frames  terminate  at  their  lower 
ends  in  broad  forks  or  saddles,  which  sit  upon  and  are  festened  to  the 
wooden  parts  of  the  sidra. 

*  Bj  Cipt.  Skitiner,  R.  N.  t  Known  as  "  Feathers'." 
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CAULKING     IRON    AND    WOODEN    SHIPS-PROTECTING   THE    BOTTOMS   OF 
WOODEN   AND    IRON   VESSELS, 

Caulking  the  seams  and  butt-joints  of  an  iron  skip  is  performed  by 
means  of  tools  like  blunt  chisels ;  these  are  of  two  kinds — the  blunter 
tool  for  the  butt-joints,  and  a  less  blunt  tool  for  the  seams.  With  a 
hammer  and  one  of  these  tools  the  caulker  makes  an  indented  groove 
parallel  to  and  about  an  eighth  of  an  inch  from  the  joint  to  be 
caulked ;  at  the  seams,  that  groove  is  on  the  edge  of  the  overlapping 
plate ;  at  the  butt-joints,  on  the  outer  surfiice  of  the  plate,  on  each 
side  of  the  line  in  which  the  plates  meet.  The  effect  of  this  process 
is  to  force  the  particles  of  iron  toward  the  joint,  and  thus  close  it 
tightly.  Water-tight  iron  bulkheads  and  platforms  are  caulf  ed  like 
the  outside  plating. 

In  a  wooden  ship,  caulking  is  performed,  first  on  the  treenails,  and 
then  on  the  planking,  by  driving  into  the  seams  threads  or  layers  of 
oahim.     Oakum  is  made  of  junk  picked  to  pieces. 

The  seams  of  the  planking,  in  order  to  receive  the  oakum,  require 
to  be  open  to  the  extent  of  about  -^th  of  the  thickness  of  the  plank. 
A  gauge  for  the  proper  width  of  opening  is  made  by  setting  the  arms 
of  a  jointed  rule  to  the  angle  produced  by  J-inch  of  opening  between 
them  at  a  point  10  inches  from  the  joint,  when  the  opening  between 
the  arms  of  the  irule  at  a  distance  from  the  joint  equal  to  the  thick- 
ness of  plank  will  show  the  proper  width  of  opening  for  the  seams  at 
their  outer  edges. 

Seams  that  are  closer  than  the  proper  width  are  opened  or  reemed 
by  the  Teeming-irons  and  hedles.  This  is  considered  also  a  test  of 
the  sufficiency  of  the  festenings ;  and  should  they  prove  insufficient, 
BO  that  planks  are  ilarted  by  the  opening,  new  fastenings  are  at  once 
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to  be  put  in.  Aiter  each  seam  htta  been  opened  or  reemed,  the 
proper  number  of  threads  of  oakum  are  forced  in  one  after  another 
by  means  of  the  caulkmg-iron,  an  iron  wedge  driven  by  the  beetle  or 
mallet ;  beginning  uBually  with  spun  yam  or  with  white  oahum,  and 
finishing  with  black  oakum. 

The  following  table  shows  the  number  of  threads  of  oakum  used 
in  caulking  the  seams  of  planking  of  different  thicknesses : 

Wales  and  Bottom  Plank. 

Thickness,  inches 1,  2,  2i,  3,  4,  5,  6,    7,    8,    9,10. 

Oakum,  double  threads 1,  2,  3,    4,  5,  6,  8,  11),  11,  12,  13. 

Spunyaru,  single  threads....  1,2,2,2,    2,    2,    2,    2. 

Topgideg  and  Water^wayi. 

Thickness,  inches 2^,3,4,5,6,7,    8,    9. 

Black  oakum,  double  threads 2,    3,  4,  5,  7,  9,  10,  11. 

White  oakum,  double  threads 1,  I,  1,  1. 

Gun  Decks. 

Thickness,  inches '. 3,  4. 

Black  oakum,  double  threads 2,  3. 

White  oakum,  double  threads 1,  1. 

iSpar  or  Weather  Decks. 

Thickness,  inches. 2,  2J,  3. 

Black  oakum,  single  threads 1,  2,    2. 

White  oakum,  single  threads 1,  1,    1. 

The  number  of  threads  for  caulking  the  side  and  bottom  may  be 
calculated  by  rule,  as  follows ; 

Take  the  nearest  whole  number  to  ones  and  a  quarter  the  thiehte&s  of 
plank  in  inches. 

After  the  oakum  has  been  driven  in,  it  is  further  compressed  by 
means  of  a  tool  called  a  makinff-iron  or  horsing-iron,  held  by  one 
caulker  and  struck  with  the  beetle  by  another:  this  is  called  hordng- 
up.  The  seams  are  then  payed  with  melted  pitch ;  and  sometimes 
the  seam  is  filled  up  fliish  by  laying  in  a  thread  of  spun-yarn. 

Weather  decks  of  merchant  vessels  and  yachts,  and  poop  decks  of 
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men-of-war,  are  sometimes  payed  with  marine  glue — a  solution  of 
caoutchouc  and  shellac  iu  naphtha. 

The  opening  and  caulking  of  one  seam  tends  to  close  the  seams 
near  it ;  so  that  although  some  of  them  may  have  previously  been 
above  the  proper  width,  they  may  still  require  to  be  opened  before 
caulking. 

The  opening  and  caulking  of  seams  require  careful  superintend- 
ence, to  see  that  the  seams  arc  really  opened  to  the  bottom,  and  not 
merely  notched  into  shallow  grooves ;  and  that  the  oakum  is  really 
driven  home  to  the  bottom  of  the  seam,  and  not  choked  or  wedged 
into  a  mass  near  the  surface,  leaving  the  bottom  empty. 

Butts  and  the  vertical  scarphs  of  the  keel  are  caulked  like  seams ; 
and  so  are  any  rents  or  shakes  that  may  occur  in  the  planking. 

In  caulking  decks  made  of  fir  the  operations  of  reeming  and 
horsing-up  are  generally  omitted,  because  of  the  softness  of  the  wood. 

Proteetion  of  wooden  and  composite  sAips.— The  bottoms  of  wooden 
and  composite  vessels,  up  to  the  water-line  -and  sometimes  a  little 
higher,  are  usually  protected  by  copper  or  mixed-metal  sheathinff, 
and  their  sides  and  upper  works  by  paint. 

The  bottoms  of  skips,  before  being  sheathed  with  metal,  are  payed 
over  with  pitch  or  tar.  Small  vessels  for  the  coastwise  trade  an 
sometimes  payed  with  pitch  or  tar  only,  sometimes  coated  with  ver- 
digris composition,  instead  of  being  sheathed  with  metal. 

It  is  usual  to  launch  a  vessel  before  sheathing  her,  performing  the 
sheathing  process  afterward  in  a  dock.  Some  merchant  vessels  make 
several  voyages  before  being  sheathed,  the  idea  being  to  soak  and 
season  the  timber  thoroughly,  as  well  as  to  practically  teat  the  tight- 
"  ntss  of  the  seams  and  caulking. 

The  metal  for  sheathing  is  usually  made  in  sheets  of  the  following 


Weight  in  OMKCsa,  per  square  foot 18  28  32 

Thickness  in  inches  (about) 0.025    0.038    0.044 

Length,  inches 48  48  48 

Breadth,  inches 20  14         14 

Sheets  are  named  according  to  the  weight  in  ounces  per  square  foot; 
Z2-ounce  eheaiking  is  used  for  the  bows,  and  for  parts  between  mnd  caid 
water;  28-ounce  sheathing  for  the  rest  of  the  bottom,  aud_18-ounce 
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sheathing  for  the  lower  side  of  the  main  keel,  between  it  and  the 
false  keel.  The  sheets  are  put  on  in  stiakes  running  fore  and  aft, 
the  ajUr  end  of  one  sheet  overlapping  the  forward  end  of  the  next, 
and  the  lower  edge  of  one  strake  overlapping  the  upper  edge  of  the 
next  below.  They  are  fastened  on  with  mixed-metal  nails  called 
sheathing  nails. 

The  rate  at  which  the  corrosion  of  copper  sheathing  goes  on  is  ex- 
tremely variable  in  different  cases,  ranging  from  less  than  an  ounce 
to  ten  or  twelve  ounces  per  square  foot  in  a  year.  The  smallest  per- 
ceptible rate  of  corrosion  is  sufficient,  by  scaling  off  the  oxide,  to  keep 
the  bottom  free  from  barnacles  and  weeds. 

Experiment  has  shown  that  sheathing  the  entranee  of  a  vessel  with 
copper  produced  a  diminution  of  the  friction  to  a  little  more  than' 
one-half  of  that  on  a  painted  mtrface,  while  shedthing  the  ntn  pro- 
duced no  sensible  diminution  whatever. 

The  sides  of  the  ship  above  the  sheathing,  and  the  other  wood- 
work should  receive  thfee  or  four  coats  of  paint.  All  wood  should 
be  thorougldy  dry  when  paint«d. 

Protection  of  Iron  Ships. — The  process  of  galvanizing  or  coadng 
with  zinc  forms  a  very  efficient  protection  for  iron  against  oxydation 
in  sea  water  as  well  as  in  air.  To  coat  iron  plates  with  pitch,  drying 
oU  and  paint  has  also  considerable  effect  in  protecting  the  plating 
against  oxydation,  especially  if  the  iron  is  coated  with  oil  while  hot 
and  afterward  painted. 

The  paint  used  should  be  suoh  as  will  not  itself  oxydize  the  iron ; 
red  lead  is  therefore  objectionable,  smce  it  contains  a  large  propor- 
tion of  oxygen  combined  with  lead ;  and  as  lead  is  eleetro-positive  to 
iron,  the  oxygen  tends  to  quit  the  lead  and  combine  with  the  iron. 

Zino  paint  has  a  good  effect,  as  zinc  is  electro-negative  to  iron.  The 
iron-work  of  ships  should  receive  at  least  three  coats  of  paint  outside 
and  two  inside,  and  care  should  be  taken  to  procure  good  zinc  paint 
and  avoid  the  use  of  the  white  powder  of  bary  t«s  (heavy  spar),  which 
is  a  cheap  imitation  of  oxide  of  zinc,  and  though  without  injurious 
chemical  effect  to  iron^  crumbles  and  peels  off  after  drying. 

Mere  protection  against  oxydation  has  no  effect  in  preventing  iron 
ships  from  growing  foul  by  the  adhesion  of  shells  and  sea-weed ;  for 
that  purpose  a  coating  is  required  that  shall  peel  off  by  slow  degrees, 
carrying  the  barnacles  away  with  it,  and  shall  neither  be  too  durable, 
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which  would  enable  the  barnacles  to  adhere,  nor  too  perishable, 
which  would  cause  it  to  be  too  soon  worn  out  and  lead  to  too  great 
expense  for  its  renewal. 

Copper  and  yellow  metal  have  these  properties  exactly,  but  they 
cannot  be  directly  applied  to  an  iron  ship,  because  they  are  electro- 
positive to  iron  and  cause  it  to  corrode  rapidly.  Various  compo- 
sitions have  been  used,  some  with  more  or  less  success,  as  lime  soap, 
amalgam  of  mercury  and  zinc,  paint  containing  metallic  copper  in 
powder  or  red  oxide  of  copper,  msulated  from  the  iron  by  the  oily 
matter  of  the  paint,  etc. 

To  enable  iron  ships  to  be  sheathed  with  copper  or  yellow  metal  it 
is  necessary  that  the  sheathing  be  insulated  from  tlie  iron.  One 
method,  by  Mr.  Grantham,  is  as  follows ;  Outside  of  the  iron  skin 
are  riveted  angle-iron  ribs  whose  projecting  flanges  are  of  a  dove-tail 
shape  in  section.  An  equal  weight  of  iron  is  saved  in  the  inside 
framing.  The  iron  skin  is  then  coated  with  pitch,  and  the  spaces 
between  the  dove-tail  flanges  are  filled  by  packing  and  wedging  into 
them  short  pieces  of  plank.  The  outside  ribs  with  their  wooden  fill- 
ing rise  to  a  short  distance  above  the  water-line,  and  the  upper  edge 
of  the  filling  is  guarded  by  a  longitudinal  angle-iron.  The  outer  sur- 
tace  of  the  fillings  having  been  payed  with  pitch,  a  complete  wooden 
sheathing,  about  1 J  inches  thick,  is  put  on  and  fastened  to  the  filling- 
pieces  with  mixed-metal  nails,  which  should  not  pass  through  those 
pieces. 

The  wooden  sheathing  Js  then  pitched  and  is  sheathed  with  copper 
or  Muntz  metal  in  the  usual  way ;  care  being  taken  to  keep  the  metal 
sheathing  two  or  three  inches  from  any  exposed  piece  of  iron. 

During  some  recent  experiments  (1864)  in  England,  it  was  found 
that  zinc  eheathing  upon  iron  lost  about  .002  inch  of  its  thickness  by 
six  months'  exposure  to  sea  water,  and  remained  free  from  shell-fish 
and  sea-weed  like  copper  and  yellow  metal. 


Hosted  by  Google 


CHAPTER   XV. 


NAL    ARRANGEMENT    OF    A    SCREW    FRIGATE. 

First  in  importauee  is  the  rudder,  which,  when  of  iron  or  steel, 
usually  consists  of  a  frame,  covered  on  both  sides  with  flush-jointed 
plating,  the  two  layers  of  plating  being  riveted  through  the  frame 
to  each  other  with  rivets  counter-sunk  at  both  ends,  and  also  riveted 
at  their  seams  to  eovering-gtraps  inside. 

The  foremost  piece  of  the  framing  is  called  the  rudder-dock;  its 
upper  end,  called  the  rudder-head,  is  cylindrical,  and  rises  through 
the  cylindrical  rudder-port,  and  through  a  vertical  tube  or  casing 
having  a  stvffing-box  at  the  top,  into  the  stern  of  the  vessel.  Its 
lower  end,  or  heel,  usually  forms  a  pivot,  turning  in  a  hole  in  the 
akeg,  or  projecting  after  end  of  the  keel;  its  intermediate  part  is 
square  and  (except  in  the  equipoue  rudder)  isfhinged  liy  pins,  called 
pintles,  fitting  into  eyes,  called  braces  or  gudgeons,  to  the  stem-post 
or  to  the  rudder-post  The  aftermost  part  of  the  framing  is  curved 
to  the  shape  of  the  after  edge  of  the  rudder,  and  is'usually  welded,at 
its  upper  and  lower  end,  to  the  rudder-stock.  In  fitting  iron  rudders 
it  is  usual  for  one  or  two  of  the  eyes  *  braces  to  have  holes  for  the 
pintles  drilled  only  partially  through  them.  Into  each  hole  is  fitted 
a  steel  pin  with  the  upper  surfece  spherical.  The  corresponding 
pintle  is  fitted  with  a  steel  pin  having  its  lower  surfiice  spherical. 
When  the  rudder  is  shipped  its  weight  is  borne  at  the  points  of  con- 
tact of  these  spherical  surfaces,  so  tliat  the  friction  is  very  small. 

A  wooden  rudder  consists  of  an  assemblage  of  pieces  of  timber 
coaked  and  bolted  together,  like  those  of  the  framing  of  the  stem  and 
stern-post.  Fig.  93  (a)  shows  the  arrangement  of  the  several  pieces. 
The  dotted  line  XX  is  the  axis  of  motion  of  the  rudder,  being  the 
common  asij  of  all  the  pintles  and  braces  and  of  the  rudder-head. 
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JIM  is  tha  main-pieee,  usually  of  oak  or  other  timber  of  equal  quality. 
Its  upper  end  is  cylindrical  and  is  the  ^ 

rudder-head.  The  shoulder,  C,  where  it 
is  in  contact  with  the  head  of  the  stem- 
post,  is  conical,  and  at  the  small  end  of 
the  cone  is  the  upper  pintle.  Th«  pintles 
are  marked  P.  The  foremost  piece  of  the 
rudder  is  frequently  of  elm,,  and  the  other 
pintles  are  fitted  into  scores  in  it.  The  form 
of  the  after  part  of  the  rudder  is  given 
by  pieces  AA,  usually  of  _^r.  At  the  heel 
of  the  rudder  is  the  sole  piece,  S,  usually 
of  elm,  lightly  fastened,  so  that,  like  the 
false  keel,  it  may  be  knocked  off  if  the 
ship  takes  iheground.  Fig.  93  (a)  is  ahori- 
zontal  section  of  the  foremost  edge  of  the 
rudder  and  the  aftermost  edge  of  the  stern- 
post,  SP,  showing  how  they  are  beveled  or 
bearded,  so  as  to  admit  of  the  helm  being 
put  over  either  way  to  the  usual  greatest 
angle  of  42° ;  and  how  the  shoulders  of 
the  pintles  and  the  wood  above  and  below 
them,  having  cylindrical  surfaces  described 
about  the  axis  of  motion,  X,  fit  into  a 
cylindrical  hollow  in  the  stern-post 

Wooden  rudders  are  sheathed  with  cop- 
per or  yellow  metal.  Before  the  rudder  is 
hung,  the  braces  on  the  stern-post  are  ad- 
justed to  their  correct  positions  by  pasyng 
through  them  a  perfectly  straight,  cylin- 
drical wooden  rod  of  the  same  diameter  as 
the  pintles. 

To  keep  the  rudder  from  unahippinff,  a 
VMod-hek,  d  (fig,  94),  is  used,  screwed  upon 
the  stem-post  or  rudder,  and  fitting  into  a 
Bcore  a  little  below  the  upper  pintle. 

Besides  the  radders  above  described, 
there  is  the  equipoise  rudder  (fig.  96),  for 


Fig,  93.  (a) 
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long  screw-ships,  and  "Lumley's"  rudder.  Fig.  94  shone  the  ordi- 
nary rudder  of  a  screw  frigate  of  "  Wabaah"  class.  Fig.  95  is  the 
yoke.  The  arrangement  for  tricing  up  the  screw  is  also  shown.  B  is 
a  bar  to  which  the  rudder-chains  are  attached,  the  bar  giving  an 
extra  leverage.  AA  (fig.  94)  are  pintles  and  their  braces ;  C,  the 
gudgeons  and  their  braces  ;  H,  hole  for  use  in  shipping ;  d,  the  wood- 
lock. 

The  arrangement  of  the  wheel,  wheel-ropes,  tiller,  and  spare  tiller  is 
shown  in  fig.  97. 

A  is  the  rudder-head ;  AT,  the  tUler,  having  a  pair  of  single  blocks 
fitted  to  its  forward  end ;  kk  are  eye-bolts  at  the  side,  to  which  the 
standing  part  of  the  wheel-ropes  are  made  fast.  The  wheel-ropes,  F, 
are  rove  aa  in  the  sketch,  and  made  fast  to  the  barrel  of  the  wheel,  C, 
on  its  upper  side.  The  total  number  of  turns  is  either  5,  7  or  9,  so  that 
from  2}  to  4J  turns  of  the  wheel  are  required  to  put  the  helm  bard 
over  either  way.  The  length  of  whecl-ropo  or  chain  wound  on  the 
barrel  is  about  double  the  length  of  the  arc  through  which  the  end  of 
the  tiller,  B,  is  put  over ;  and  the  efieetive  diameter  of  the  barrel 
(being  =;  its  actual  diameter  -J-  diameter  of  rope  or  chain)  is  adjusted 
accordingly.     (This  refers  to  a  single  purchase.) 

Wheels,  WW,  range  from  3  to  6  feet  in  diameter  and  are  usually 
made  of  mahogany  strongly  framed  and  bound  with  brass.  The 
rudder  must  be  so  connected  with  the  wheel  that,  in  plotting  the  helm 
over,  the  lower  rim  of  the  wheel  shall  be  moved  in  the  opposite 
direction  to  the  rudder;  that  is,  in  the  same  direction  with  the  tiller, 
which  points  forwaiM.  Hence,  when  the  tiller  points  forward,  the 
-wheel-ropes  pass  over  the  barrel  first ;  when  it  points  afi,  under  the 
barrel.  The  diameter  of  the  barrel  should  be  made  less  in  the  centre, 
so  as  to  avoid  slack  wheel-ropes.     DD  are  the  wheel  standards. 

Screw  ships,  having  a  screw  aperture  or  trunk,  usually  have  a 
yoke  (fig.  95)  instead  of  a  tUler. 

There  are  many  patent  arrangements  for  steering  ships  as  well 
as  appliances  for  making  use  of  the  power  of  steam  for  this  purpose. 
None  are  thought  to  be  as  effective  and  simple,  for  men-of-war,  as  the 
old-fashioned  tiller,  wheel  and  wheel-ropes.  (Figs.  97  and  98.) 

Description  of  a  iUleT  thus  fitted. — Fig,  98  is  a  section  showing  the 
bead  of  the  rudder;  a  being  the  centre  and  centreline  of  the  pintles; 
6,  position  of  the  blocks  at  the  end  of  the  tiller  to  receive  the  ropes,  the 
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tiller  a6  being  amidships.  Divide  the  distance  ab  into  three  equal 
portions,  of  which  be  is  one,  having  previously  swept  the  tiller  down 
■to  describe  the  circle  bmd.  The  point  c,  squared  athwart  the  ship 
to  meet  the  circle  described  by  the  end  of  the  tiller  at  d,  will  give 
the  position  for  the  standing  part  of  the  rope.  The  point  /is  set  off 
i^jth  of  the  length  ab,  on  the  line  of 
the  tiller  from  b,  and  squared  across 
the  ship ;  while  Je,  taken  as  It  of  ed, 
will  give  the  point  for  the  tilier-block 
at  the  side  of  the  ship.  These  points 
cause  the  rope,  rove  through  blocks  / 
placed  at  them,  to  move  the  tiller  | 
through  an  angle  of  45°  from  the  mid- 
ship position,  without  any  slack.  In 
some  ships  the  part  b  slides  in  and 
out  on  an  iron  tiller,  so  as  to  be  al- 
ways at  right  angles  to  the  strain. 

Among  some  of  the  most  important  internal  and  external  fittings 
of  a  ship  are  the  means  by  which  the  anchors  and  chains  are  sup- 
ported and  worked.  The  following  sketch  shows  a,  section  of  a 
frigate's  bow  with  the  anchor  supported  from  the  cathead.  (See  fig.  99.) 

A,  fig.  99,  terthing-rail,  for  safety  to  the  men  when  they  are  out  in 
the  head,  the  flat  or  platform  of  which  is  on  a  level  with  the  main 
rail  XB). 

B,  main  rail,  to  fashion  out  the  head  and  afibrd  an  enclosed  space 
for  the  accommodation  of  the  crew. 

C,  middle  or  small  rail  for  the  exterior  appearance  of  the  ship. 

D,  the  lower  rail,  the  after  part  of  which  (with  a  portion  6  or  8  feet 
on  the  knee  of  the  head)  is  called  the  upper  cheek  apd  forms,  by  being 
bolted  to  the  bows  of  the  ship  and  to  the  knee  of  the  head,  a  speciea 
of  wooden  knee  supporting  the  latter.  The  after  arm  of  this  kne«  ia 
shown  in  projection  in  the  figure,  and  on  the  knee  of  the  head  is 
described  its  form  and  length.  The  mouldmg  or  breadth  is  usually 
at  the  throat  2i  times  the  depth  of  the  cheek.  The  fore  part  of  D  is 
called  an  "  eking,"  the  extreme  end,  M,  shown  by  a  scroll,  being 
termed  a  "hair-bracket;"  and  this  hair-bracket  should,  for  sym- 
metry of  appearance,  be  placed  rather  below  the  shoulder  of  the 
figure-head. 
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E,  lower  elieek,  a  wooden  knee,  as  described  for  the  upper  cheek, 
and  bolted  also  to  the  bows  of  tlie  ship  and  knee  of  the  head.  At 
the  knee  of  the  head  the  bolts  in  the  arms  of  these  cheeks  pass 
through  similar  knees  on  the  opposite  side. 

F,  bolsters  of  wood  placed  between  the  arms  of  the  cheeks  (D  and 
E)  where  they  corae  against  the  bows  of  the  ship.  These  bolsters  are 
worked  to  form  beds  for  the  iron  hawse-pipes  (I),  which  are  put 
through  the  sides  of  the  ship,  and  form  the  hawse-holes  for  the  cables. 
The  bolsters  should  slightly  project  over  the  moulding-way  or  breadth 
of  the  cheeks  to  form  i  protection  to  them.  They  are  bolted  to  the 
side  of  the  ship  independently  of  the  bolts  which  secure  the  hawse-  ' 
pipes  (I)  Immediately  f  rward  of  the  bolsters  a  piece  of  wood 
teimed  a  a  rner  chock  is  usually  worked,  the  intention  being  that  the 
fore  ends  of  the  plank^  called  hood-ends,  may,  by  its  removal,  be 
caulked  without  disturbing  the  hawse-pipes  or  taking  down  the 
bolsters  an  operation  atten  led  with  expense  and  loss  of  time. 

The  fillings  between  the  Lheeks  on  the  knee  of  the  head  are  of  fir, 
and  being  intended  solely  tor  the  appearance  of  the  ship,  are  in  many 
instances  dispensed  with 

G,  timbers  of  the  head  to  support  the  middle  and  main  rails. 
For  a  light  and  neat  appearance  the  after  one  is  placed  to  the  rake 
or  inclination  of  the  stem ;  the  nest  with  li  inches  more  rake ;  and 
the  foremost  one  with  1  i  inches  more  rake  than  that,  or  with  3  inches 
more  rake  to  it  than  the  one  at  the  stem. 

There  is  a  thin  berthing  of  board  placed  between  A  and  B ;  and 
over  A  a  plank  termed  a  wash-board  is  sometimes  used. 

H,  cathead. 

K,  supporter  or  knee  of  the  cathead. 

Kest  in  order  comes  the  capstan  (figs.  100,  101  and  102),  a  me- 
chanical arrangement  corresponding  to  the  mechanical  power  of  the 
wheel  and  axle. 

Fig.  100.  Elevation  of  a  double  capstan,  as  sometimes  fitted  to  frigates 
of  the  navy. — In  frigates,  the  upper  barrel  comes  on  the  quarter  deck, 
the  lower  barrel  being  on  the  gun  deck,  on  which  the  hawse-holes  are 
placed. 

AAA,  iron  spindle  extending  from  upper  point  A  to  the  lower 
point  marked  A'.  This  spindle  should  be  well  forged,  and  should 
be  of  the  best  materials,  the  whole  strength  of  the  capstan  depen^ng 
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thereoD ;  it  is  also  placed  in  a  turning  lathe,  by  which  the  cylindrical 
form  requisite  to  make  it  work  accurately  ia  ensured. 

B,  hoop  and  plate  on  the  tenon  of  the  upper  barrel,  by  means  of 
which  the  barrel  is  united  to  the  spindle  A  at  the  upper  part. 

C,  a  similar  plate  and  hoop  for  security  of  the  lower  end  of  the 
upper  barrel  of  the  capstan, 

I>,  hoop  in  the  partners  of  the  gun  deck  working  in  a  metal  bush 
or  socket,  thus  forming  a  support  for  the  spindle  A  to  work  in  through 
the  partners  of  the  deck. 

E,  drop-pins  to  connect  the  upper  and  lower  capstans,  as  the 
spindle  A  passes  through  the  lower  capstan  without  being  united  to 
it,  or,  in  other  words,  the  lower  capstan  has  free  play  or  movement 
round  it. 

F,  upper  connecting  plate,  which  is  strongly  secured  to  the 
spindle  A. 

G,  lower  connecting  plate,  which  is  let  firmly  into  the  trundle-head 
H ;  in  F  and  G  corresponding  holes  are  made  to  receive  the  drop- 
pins  E.  To  attach  the  lower  capstan  to  the  upper  one,  or  to  the 
spmdle  A,  the  drop-pins,  E,  are  let  down_^  through  the  corresponding 
holes  for  their  reception  in  the  connecting  piates  F  and  G,  by  which 
the  trundle-head  of  the  lower  capstan,  and  hence  the  barrel,  is  made 
one  with  the  upper  capstan.  This  power  of  connecting  and  discon- 
necting the  two  barrels  admits  of  using  the  capstans  at  one  and  the 
same  time  for  separate  purposes. 

I,  pall-hea'd ;  receiving  the  palls  or  stops  to  prevent  the  recoil  of 
the  capstan. 

S,  a  pall  or  shore  of  iron,  swiveling  on  a  bolt,  which  is  shown  «p, 
or  in  the  position  in  which  it  is  placed  when  not  required  for  use. 

T,  a  pall  down  and  in  use ;  the  lower  end  being  dropped  into  the 
pa!l-rim  V  against  a  stop  formed  in  it. 

V,  pall-rim  or  ratchet,  let  down  into  the  lower  partners  and  bolted 
firmly  to  them ;  indeed,  on  the  security  of  this  rim  the  safety  of  the 
men  at  the  bars  mainly  depends,  and  care  should  be  taken  in  fitting 
it.    The  plan  of  the  pall-rim  is  described  by  2. 

L,  metal  step  or  eup  for  the  lower  end  of  the  spindle  A  to  work  in, 
.  N,  collars  or  stops  on  the  spindle  A ;  the  upper  one  is  necessary  to 
keep  the  capstan  from  rifdng,  which  it  prevents  by  its  coming  into 
contact  with  the  partners  D ;  the  lower  collar  prevents  the  lower  cap- 
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Htaii,  wlien  used  separately,  from  rising,  as  it  forms  a  stop  to  the 
upper  connecting-plate  F, 

0,  the  whelps  of  the  capstan ;  they  are  formed  in  a  curve  to  give 
the  surge  required  to  prevent  the  turns  of  the  messenger  from  rising 
too  far  up  when  a  hemp  messenger  is  used. 

P,  chocks  placed  between  the  whelps  to  st€ady  them. 

W,  pigeon-holes  to  receive  the  bars  which  work  the  capstan. 

The  number  of  capstan  bars  is  usually  twelve,  and  their  length 
varies  with  the  rate  of  the  ship.  (See  Book  of  Allowance.) 

To  set  this  machine  in  motion,  a  moving  power  (the  ship's  com- 
pany) is  applied  to  the  bars  of  the  capstan.  The  cable  itself  is  not 
generally  attached  to  the  barrel  of  the  capstan,  but  is  connected  with 
it  bytmeans  of  a  rope  or  chain  called  a  messenger,  which  passes  round 
the  capstan,  and  is  made  to  unite  itself  firmly  to  the  cable  by  nippers. 
When  a  chain  messenger  is  used,  the  links  of  the  chain  messenger 
are  sometimes  worked  over  studs  placed  on  the  capstan,  as  shown 
by  3.* 

Another  style  of  capstan  ("Brown's")  now  in  use  in  many  ves- 
sels, is  shown  in  figs.  101  and  102,  being  intended  to  take  the  chain 
cable  directly,  without  the  intervention  of  a  messenger. 

In  connection  with  this  capstan  is  a  patent  arrangement  for  doubling 
the  power. 

b,  elevation  of  the  main-deck  capstan  with  fittings  at  the  lower 
part  formed  of  iron,  the  ribs,  g  and  g,  acting  like  teeth  to  clasp  the 
cable,  similar  to  the  sprocket-wheel  of  the  common  capstan  when  a 
chain  messenger  is  used. 

c,  elevation  of  a  friction  roller,  round  which  the  cable  passes,  aa 
showa  on  the  plan,  three  or  four  being  used  and  marked,  e. 

d,  the  coutroller  for  the  cable. 
/,  the  pointer, 

A,  the  cable  leading  to  the  hawie-hole.  The  method  of  bringing  it 
to  the  capstan  may  be  traced  on  the  plan ;  the  links  shown  in  dotted 
lines  being  those  in  contact  with  the  ribs  {gg")  of  the  elevation. 

The  merit  of  this  plan  consists  in  not  requiring  the  intervention  of 
a  messenger,  whereby  the  hands  required  for  passing  the  nippers, 
when  a  messenger  is  used,  are  saved. 

•  In  the  TlnitBd  States  Nit;  the  linka  of  the  iroD  meaaengei  fit  iato  eookets  at  til* 
base  of  the  capitan  V. 
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The  windlass  used  in  small  vessels  is  a  capstan  with  the  barrel 
worked  liorizontally,  the  power  being  applied  by  levers,  which  are 
shipped  or  worked  in  holes  similar  to  those  in  the  capstan  bead. 

Pumps  for  discharging  water  from  the  ship's  bold  usually  stand  in 
compartments  called  pump  wells,  which  extend  from  the  ship's  bot- 
tom to  the  lower  deck,  and  sometimes  to  the  upper  deck.  In  iron  ships, 
divided  into  compartments  by  water-tight  bulkheads,  there  is  usually 
a  pump  from  6  to  8  inches  in  diameter  to  each  such  compartment. 
Pumps  draw  the  water  from  the  limber$  or  water*cbannels  and  dis- 
charge it  into  the  sea  through  the  pump-dales.  Pumps  are  now  invari- 
ably made  of  metal,  and  are  of  endless  variety,  both  as  to  eonstruction 
and  the  mechanism  by  which  they  are  worked,  but  for  the  most  part 
they  belong  to  one  or  the  other  of  the  three  following  classes :    • 

1st.  Piston  pumps,  in  which  a  piston  either  moves  up  and  down  or 
to  and  fro  in  a  cylinder  er  barrel,  or  revolves  in  a  circular  casing, 
the  former  being  by  far  the  more  usual  form. 

2d.  Chain  pumps,  which  consist  of  a  tube  with  its  lower  cud  dip- 
ping into  the  limber,  and  of  an  endless  chain  passing  up  the  tube  over 
a  sprocket-wheel,  and  down  another  tube  called  the  back  easing,  anA 
carrying  a  series  of  circular  discs  which  nearly  fit  the  tube,  yet  not  so 
closely  as  to  rub  against  it.  The  sprocket-wheel  is  turned  by  means 
of  cranks  or  winches  on  its  axle,  and  the  discs  thus  drive  the  water 
'   before  them  up  the  tube  and  into  the  pump-dale  overboard. 

3d.  The  centrifugal  pump,  consisting  of  a  fan-wheel  rotating 
within  a  circular  casing,  at  a  speed  sufficient  to  produce  in  the  mass 
of  water  within  the  casing  an  outward  pressure  intense  enough  to 
■  raise  it  from  the  level  of  the  limbers  to  that  of  the  pump-dale. 

Of  piston  pumps  are  many  varieties,  as  the  lifiing  pump,  the  suck- 
ing pump,  the  forcing  pump  and  (Ae  double-acting  force  pump. 

In  all  sorts  of  pumps  it  is  essential  to  economy  of  power  that  the 
passages  traversed  by  the  water  should  be  as  roomy,  as  short  and  as 
direct  as  possible,  free  from  sudden  contractions,  sudden  enlarge- 
ments and  sharp  turns;  and  this  requires  special  attention  where 
there  are  valves. 

The  e^deney  of  good  pumps,  or  proportion  of  useful  work  to  total 
work.niay  be  estimated  as  varying  from  two-thirds  to  four-fifths. 

Pumps  are  frequently  driven  by  steam-power,  and  the  main  pumps 
always  so  in  steam  vessels. 
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Tanks  for  holding  fresh  water,  of  which  a  small  number  only  are 
now  supplied  to  our  cruisers,  are  built  of  iron  plates,  which  should  be 
galvanized.  They  are  usually  rectangular  or  about  4  feet  square, 
and  from  4  to  6  feet  deep.  They  hold  from  400  to  600  gallons,  a 
goUon  being  ,1604  of  a  cubic  foot  and  weighing  (imperial)  10  lbs.* 
Tanks  are  generally  flat-topped  and  flat-bottomed,  but  some  have  the 
lower  edge  of  the  base  tapered  off,  that  they  may  fit  into  the  bilge  of 
the  ship ;  hence  they  are  called  bUge  tanks.  Each  tank  has  a  man- 
hole and  lid. 

Ventilators  are  now  generally  made  of  copper  or  galvanized  iron, 
and  have  large,  bell-mouthed  hoods,  which  are  feced  to  windward  at 
pleasure.  They  are  especially  necessary  in  the  engine  and  fire-rooms 
of  steamers  to  promote  a  circulation  of  air  below.  Some  ventilators 
have  rotary  tops,  which  revolve  and  force  a  current  of  fresh  air  down  ' 
below,  while  a  tube  on  the  opposite  side  of  the  deck  carries  up  and 
off  the  foul  air  of  the  lower  decks. 

Where  iron  and  steel  maste  are  used,  they  perform  the  work  of 
ventilators. 

.  Boats, 

The  be?t  kind  of  timber  for  building  boats  is  the  same  as  that  best 
suited  for  the  parts  of  ships  alternately  wet  and  dry.  Oak  for 
frames— cedar  and  pine  for  planking.  Boats  are  distinguished  into 
carvel-built,  clincher  or  clinker-built  and  diagonaUbuiU  boats. 

In  all  three  of  these  styles  of  boats  there  is  a  keel,  stem  and  stem- 
post-  rabbeted  to  receive  the  planking,  as  in  a  ship ;  the  stem  is 
Bcarphed  and  the  stem-post  tenoned  to  the  keel. 

I.  Carvel-buili  boats  have  frames,  each  consisting  generally  of  a 
floor  and  two  futtocks ;  the  floors  are  scored  down  over  the  keel  and 
fastened  to  it  with  bolts  in  the  larger  and  naih  in  the  smaller  boats. 
The  frames  are  sided,  moulded  and  trimmed  to  their  proper  bevel- 
ings  like  those  of  a  ship,  and  are  kept  temporarily  in  their  shapes 
and  places  by  cross-spalls,  ribbands,  harpins  and  shores.  The  plank- 
ing consists  of  strakes  laid  fore  and  aft  with^iwA  seams,  like  those  of 
a  ship ;  they  are  usually  fastened  with  two  nails  in  each  timber  of 
the  frame.  The  strakes  first  put  cai  are  the  lowest  or  garboard  Hrake, 
and  the  uppermost  but  two,  called  the  bindmg  thake.  Above  the 
*  The  itaadtrd  Unitsd  Staftt  gaUon,  0.138  oabia  fe«,  or  &.33g  Ibi. 
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binding  ia  the  landing  drake;  the  gunwale  rests  on  the  timlDer-heada 
and  covers  the  upper  edge  of  the  landing  strake,  and  the  uppermost 
or  sheer  strake.  has  its  upper  edge  flush  with  the  top  of  the  gunwale, 
and  its  lower  edge  overlapping  the  landing  strake.  The  stem  is 
usually  strengthened  by  a  transom  and  the  bow  by  two  hooks.  Mov- 
able strakes  above  the  gunwale  are  called  wash  strakes.  The  thwarts 
are  the  transverse  plank  keeping  the  sides  together  and  asunder,  like 
the  beams  of  a  ship.  Some  are  fixed,  irthers  loose.  The  thwarts  are 
spaced  about  2  feet  10  inches  from  centre  to  centre  in  single-banked 
boats,  and  3  feet  in  double-banked  boats,  and  are  secured  to  the  sides 
with  knees.  Some  boats  have  an  inside  planking  or  foot-waling  in 
the  bottom — others  have  movable  bottom  boards,  others  gratings, 

II.  Clinks-built  boats  are  the  lightest  class  for  their  strength  and 
■  size ;  they  are  distinguished  by  the  lower  edge  of  each  strake  of  ^lank 

overlapping  the  upper  edge  of  the  next  strake  below.  They  are  not  - 
built  upon  frames,  but  upon  temporary,  transverse  sectional  moulds, 
two,  three  or  four  in  number,  which  ale  fixed  at  their  proper  stations 
on  the  keel ;  the  strakes  are  then  put  on,  beginning  with  the  garboard 
strake  and  bent  to  the  figure  given  by  the  mould;  each  strake  is  fast- 
ened to  the  next  below  it  by  nails  driven  from  the  outside  through 
the  lands  or  overlaps.  When  two  or  more  lengths  of  planks  occur  in 
a  strake,  they  are  scarphed  to  each  other,  the  outside  lip  of  each 
scarph  pointing  aft.  The  scarphs  have  a  layer  of  tarred  paper  be- 
tween, and  are  fastened  with  nails  driven  from  the  thin  end  of  each 
piece.  .  Toward  the  hoading-ends  the  strakes  are  chased  into  each 
other ;  that  is  to  say,  a  gradually  deepening  rabbet  is  taken  out  of 
each  edge  at  the  lands,  so  that  the  projection  of  each  strake  beyond 
the  next  below  it  gradually  diminishes,  and  they  all  fit  flush  with 
each  other  into  the  rabbets  of  the  stem  and  stem-post.  Floors, 
fiittocka  and  hooTcs  are  afterward  put  in  and  fastened  to  the  planking 
by  nails  driven  from  the  outside  and  clinched  inside. 

III.  In  diagonalrhuUt  boats  the  skin  consists  of  two  layers  of 
planking,  with  flush  seams,  making  angles  of  about  45°  with  the 
keel  in  opposite  directions. 

They  are  built,  like  clinker-built  boats,  upon  temporary  transverse 
moulds.  After  setting  up  and  flxing  the  moulds  upon  the  keel,  the 
gunwale,  a  shelf-piece  and  a  series  of  ribbands  are  temporarily  fixed 
on  the  moulds.     The  two  layers  of  planking  are  then  put  on,"  bent  to 
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fit  the  moulds  and  ribbands,  and  fastened  to  each  other  and  to  the 
keel,  stem,  stern-post,  sLelt  and  gunwale  with  nails  driven  from  the 
outside  and  clinched  inside  upon  small  rings.  The  gunwale  is  then 
shored  to  keep  it  in  shape ,  the  moulds  and  ribbands  are  taken  out, 
and  floors,  hooks,  thwarts,  etc  ,  are  put  in,  as  in  a  clinker-built  boat 
Internal  Arrangement  —A  full  account  of  the  internal  fittings  of 
a  screw  steamer  of  the  fir^t  class  wdl  not  be  attempted  in  this  work, 
which  is  an  elementary  one ,  but  the  following  will  give  a  general 
idea  of  the  internal  arrangement  of  a  screw  frigate  of  the  first  class, 
such  as  the  "Colorado"  or  "Wabash." 

The  hold  and  decks  are  first  sub-divided  off  into  compartments  by 
bulkheads ;  those  in  the  hold  should  generally  be  water-tight. 

Commencing  forward  in  the  iwld,  the  first  portion  bulkheaded  ofi' 
is  known  as  the  block-room  or  Jore  peek,  and  is  appropriated  to  the 
stowage  of  boatswain's  and  other  stores.  Next  abaft  this  is  the /ore 
magazine  for  the  stowage  of  a  portion  of  the  powder ;  abaft  the  after 
bulkhead  of  the  fore  magazine  the  foremast  is  stepped,  and  abait 
this  comes  the  forward  shell-room.  Next  the  forward  bulkhead  of 
the  fore  hold.  This  bulkhead,  like  other  bulkheads  in  the  hold,  is  of 
three-inch  plank,  or  sometimes  of  half-inch  boiler-plate  iron,  and 
should  be  water-tight.  From  this  bulkhead  to  the  after  one  of  the 
fore  hold  is  stowed,  first,  the  water-tanks,  and  the  size  and  number  of 
these  tanks  should  be  just  sufiitient  to  stow  without  "brealcage."  In 
a  steam  frigate  of  the  Wabash  clas  the  spice  from  bulkhead  to 
bulkhead  l.  twenty  fi\  e  feet  and  the  tanks  each  about  six  feet  long, 
are  stowed  m  lines  ot  four  each  o  tl  at  there  is  no  breakage. 
The  two  mid  hip  after  tanks  are  called  the  receiving  tanks,  and 
receive  the  water  fresh  from  the  condenser  In  many  ships  an 
apparatus  for  aerating,  the  condensed  water  is  attached  to  these 
tanks.  Ybove  the  tanks  in  the  fore  hold  13  stowed  part  of  the 
provisions. 

Abaft  the  fore  hold  are  the  chain-lockers  for  the  bower  and  stream 
chains,  and  immediately  abaft  the  bulkhead,  which  is  a  heavy  one, 
is  the  main  coal-bunker,  which  communicates  directly  to  the  side 
bunkers,  the  whole  space  occupied  by  the  coal  enclosing  the  space 
occupied  by  the  boilers  and  engines,  and  to  a  certain  extent  protect- 
ing them  from  shot  in  action.  The  coal  in  the  side  and  main  bunkers 
stows  as  high  as  the  berth  deck.     Inside  of  the  iron  bulkheads  form- 
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ing  the  side  bunkers  are,  first,  the  boilers,  and  ne^t,  the  engines.  The 
boilers  are  generally  multitubular,  of  Martin's  patent  (vertical  tubes), 
though  the  horizontal  tubular  boiler  with  super-heater  is  deemed  the 
best  for  these  ships.  The  whole  space  occupied  by  engines,  boilers 
and  coal  is  sixty-six  feet.  The  heel  of  the  mainmast  steps  in  a  heavy 
beam  supported  by  a  forked  stanchion  over  the  shaft  immediately 
abaft  the  after  cylinder. 

As  far  aft  as  the  stem  bearing  and  the  after  deadwood  is  a  space 
enclosing  the  shaft,  formed  of  double  boiler  plate,  and  known  as  the 
shaft  alley;  it  is  semi-circular,  and  just  large  enough  to  admit  of  the 
passage  of  one  person  on  each  side  of  the  shaft. 

Abaft  the  after  engine-room  bulkhead  are  the  sited  chain-lockers ; 
next,  the  main  hold  with  its  water-tanks  and  provisions  (three  tanks 
in  a  row  fore  and  aft),  occupying  a  space  of  twenty-two  feet.  Next, 
the  aft«r  shell-room;  abaft  which  is  a  space  formerly  called  the  spirit- 
room,  but  now  appropriated  to  the  stowage  of  miscellaneous  stores  in 
the  paymaster's  department.  Next,  the  after  magazine  and  its  pas- 
sage; lastly,  the  engineer's  store-room,  which  brings  us  to  the  after 


Forward  and  aft  over  the  hold,  but  below  the  berth  deck,  are  decks 
extending  a  short  distance,  and  known  in  the  U.  S.  Navy  as  the 
forward  and  after  orlops,  though  generally  in  foreign  services  called 
coekpiis.  Commencing  with  the  forward  one,  the  first  space  bulkheaded 
ofi"  is  called  the  paint^oimi;.ih.&  next,  the  general  store-room  or  yeoman's 
store-room.  Next,  the  forward  sail-rooms ;  next  the  bread-rooms,  the 
after  part  of  which  is  terminated  by  the  forward  bulkhead  of  the 
fore  hold. 

In  the  after  orlop,  commencing  at  the  after  bulkhead  of  the  main 
hold,  come  first  the  after  sail-rooms ;  next,  state-rooms  for  assistant 
surgeon,  clerks  and  other  cockpit  officers ;  next,  paymaster's  store- 
room for  clothing,  etc, ;  after  which  come  bread-rooms  and  navigator's 
store-rooms,  with  store-rooms  for  medical  stores,  marine  stores,  etc., 
etc. ;  finally,  another  large  bread-room,  which  brings  us  to  the  after 
deadwood.    The  mizzen-maat  steps  in  the  after  orlop, 

Bekth  Deck. 
Commencing  forward  on  the  berth  deck,  the  first  portion  bulk- 
headed  off  is  the  sick  bay ;  tlien  the  forward  berth  deck  appropriated 
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to  the  crew.  At  the  after  part  of  this  deck  is  a  bulkhead  enclosing 
tbe  smoke-box  and  stack,  with  a  wide  passage  on  either  side  aft,  oc- 
cupied by  various  store-rooms.  Nest  come  the  quarters  of  the  war- 
rant officers,  with  their  mess-room  and  state-rooms ;  abaft  which  are 
the  starboard  and  port  steerages  and  mess-rooms  occupied  by  the 
midshipmen  and  assistant  engineers ;  finally,  the  ward-room  bulk- 
head, abaft  which  are  seven  state-rooms  on  each  side,  with  pan- 
tries, etc.,  appropriated  to  the  use  of  the  commissioned  officers. 

Main  or  Gun  Deck. 

This  deck  has  no  bulkheads,  except  those  surrounding  the  engine- 
room  and  the  cabin  bulkheads  aft.  Commencing  forward,  first  is 
the  manger,  bowsprit  step,  closets  on  either  side,  riding  bitts  (bower 
and  sheet),  galley  and  forward  capstan.  Midway  between  the  main- 
mast and  mizzen-mast  the  after  capstan  ;  finally,  the  cabin  bulkhead' 
and  cabin. 

Spar  Deck. 
The  spar  deck  is  flush,  with  the  exception  of  a  slight  monkey  poop 
and  rail  around  the  propeller  welL     There  are  two  capstans  on  the 
spar  deck. 
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LAUNCHING— V  A 


The  term  launch  is  used  to  comprehend  the  whole  apparatus  for 
launching  the  ship,  together  with  the  slip  on  which  she  is  huilt  and 
its  equipments.  The  slip  has  already  been  described  (Chapter  VI.), 
BO  that  the  apparatus  specially  connected  with  launching  remains  to 
be  described.  It  may  be  divided  into  two  principal  parts— the  sliding- 
Mwys  or  slip-ivays,  which  rest  on  the  floor  of  the  slip  and  present  a 
smooth  upper  sur&ce ;  and  the  cradle  or  temporary  framework  which 
rests  and  slides  upon  the  slip-ways,  and  supports  the  ship  during 
the  launch. 
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lu  fig.  103  AC  and  BD 
are  a  pair  of  slip-ways,  and 
the  dotted  outline  (1,  2, 3,  4 
and  5)  marks  the  position  of 
the  ship. 

In  the  cross  section,  fig. 
104,  SW  are  the  slip-ways ; 
and  the  structure  above 
them  givii>g  temporary  sup- 
port to  the  ship  is  called 
the  cradle. 

The  slip-ways,  SW,  SW 
(also  called  gliding-ways), 
are  a  pair  of  parallel  in- 
clined platforms  of  timber, 
firmly  founded  on  the  floor 
of  the  slip,  and  kept  steady 
in  their  positions  by  shores, 
marked  SH.  Their  slope 
ranges  from  1  in  12  for  the 
smallest  ships  to  1  in  24  for 
the  largest.  The  planks 
which  form  the  upper  sur- 
face of  the  slip-ways  should 
h  a ve  their  butt-joints  beveled 
BO  as  to  lean  a  little  for- 
ward, in  order  to  prevent 
obstruction  in  the  event  of 
the  sinking  of  the  plank  of 
the  slide  at  the  fore  side  of  a 
butt.  The  ordinary  breadth 
of  each  slip-way  for  large 
vessels  is  from  3  to  4  feet. 
The  best  method,  however, 
of  adj  usting  their  breadth  is 
the  following:  the  area  of 
bearing  surface  of  the  bUge- 
ways,  BW,  or  lowest  pieces 
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of  the  cradle  upon  the  slip-ways  should  be  such  that  the  mean  iaten- 
sity  of  the  pressure  shall  not  exceed  50  lbs.  on  the  square  inch,  giving 
about  45  inches  of  bearing  surface  for  each  ton  of  load,  This  is 
necessary  in  order  that  the  pressure  of  the  load  may  not  force  out 
the  lubripating  material  from  between  the  slip-ways  and  the  bilge- 
ways.  The  usual  distance  of  the  slip-ways  from  each  other,  from 
centre  to  centre,  is  about  one-third  of  the  extreme  breadth  of'the 
ship ;  but  this  may  be  varied  according  to  circumstances. 

Upon  the  slip-ways  are  bolted  the  ribbands,  RE,  figs.  104  and  105, 
so  as  to  form  two  ledges  to  guide  the  cradle  during  the  launch. 
Shores,  marked  8H,  abut  against  the  ribbands  outside  to  keep  them 
in  their  places. 

When  a  ship  is  to  be  launched  in  a  direction  at  right  angles  to  a 
quay  or  to  the  water's  edge,  the  lower  ends  of  the  slip-ways  lie  in 
one  straight  line  perpendicular  to  the  keel  of  the  vessel.  But  when 
the  vessel  is  to  be  launched  obliquely  to  the  water's  edge,  it  is  often 
convenient  to  make  the  lower  ends  of  the  slip-ways  lie  in  a,  line 
parallel  to  the  edge  of  the  water,  as  A^  in  fig.  103— care  being  taken 
that  the  upper  ends  of  the  bilge-ways  lie  in  a  line  parallel  to  the 
lower  ends  of  the  slip-ways,  so  that  both  bilge-ways  may  quit  their 
bearing  on  the  slip-ways  at  the  same  instant,  (This  is  called  oblique 
launching.)  The  lower  ends  of  the  slip- ways  usually  run  into  a 
depth  of  water,  such  that  by  the  time  the  bilge-ways  quit  their  bear- 
ing on  the  slip-ways,  the  ship  shall  be  completely  afloat  with  her 
forefoot  clear  of  tbe  ground. 

But  if,  in  order  to  launch  a  ship  over  a  quay,  or  to  save  expense 
by  using  a  short  cradle,  the  bilge-ways  are  so  designed  as  to  quit 
their  bearing  before  the  ship  is  completely  afloat,  a  block  must  be 
placed  under  water  in  the  prolongation  of  the  centre  line  of  the  slip 
to  support  the  forward  part  of  the  keel  and  the  forefoot  during  the 
latter  part  of  the  process  of  launching,  after  th*  biige-ways  have 
quitted  their  bearing  on  the  slip-ways.  That  block  is  usually  made 
of  cast  iron,  covered  with  a  malleable  iron  plate  on  its  upper  surface, 
to  protect  it  against  being  cut  into  by  tbe  keel  of  an  iron  ship. 

Cradle. — The  base  upon  which  the  whole  cradle  stands  con- 
sists of  the  two  bilge-ways,  B"W,  BW,  fig.  104.  The  length  of 
the  bilge-ways  for  wooden  ships  is  usually  about  five-sixths  of 
that  of  the  ship ;  though  for  iron  ships  about  one-third  of  the  ship's 
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length  ia  enough.     The  extent  of  bearing  surfaee  has  been  already 
stated. 

At  the  middle  portion  of  the  ship's  length,  where  her  floor  is  com- 
paratively flat,  she  is  supported  upon  the  bilge-ways  by  the  aid  of 
pieces,  called  etopping-up  pieces,  laid  horizontally,  and  formed  at 
their  upper  sides  to  fit  the  bottom  of  the  ship. 

Before  and  abaft  the  stopping-up  pieces,  tlie  ship  is  supported  on 
the  bilge-ways  by  means  of  upright  or  slightly  raking  square  posts, 
called  poppeU,  aa  P,  figs.  104  aad  105,  The  lower  ends  of  the  poppets 
are  kept  in  their  places  by  being  tenoned  into  the  mle-pieces,  SP.  The 
upper  ends  of  the  poppets  abut  on  the  bottom  of  tlie  ship,  and  are  pre- 
vented from  slipping  upward  by  the  planks,  CP ;  and  these  are  kept 
steady  by  means  of  the  cleats,  C,  screwed  or  bolted  in  a  temporary 
way  to  the  bottom  of  the  ship.  They  may  also  be  braced  together 
athwartships  by  chains  passing  under  the  keel.*  The  poppets  are 
braced  longitudinally  by  means  of  dagger^planks,  marked  DP  in  figs. 
104  and  105.  When  a  short  cradle  is  used  poppets  are  seldom  re- 
quired, 8S  are  the  wedges,  called  slices,  between  the  sole-pieces  and 
the  bilge-ways,  by  means  of  which  the  weight  of  the  ship  is  lifted  off 
the  keel,  K,  and  building-blocks,  and  caused  to  rest  on  the  cradle 
alone.  When  the  building-blocks  are  capable  of  being  easQy  lowered 
the  slices  are  unnecessary. 

Fig.  105  is  a  side  view  of  the  cradle — ST  being  the  stem  of  the 
ship,  DS  one  of  the  two  dog-shores;  its  lower  end  abuts  against  the 
upper  end  of  the  ribband  of  the  sliding-way,  and  its  upper  end 
against  the  dog-cleat,  DC,  which  is  bolted  to  the  side  of  the  bilge- 
way.  Below  the  dog-shore  is  a  small  block  called  the  triggm;  which 
prevents  the  dog-shore  from  falling  till  the  moment  has  arrived  for 
launching  the  ship.  Care  should  be  taken  to  give  the  dog-shore  no 
more  slope  than  is  just  necessary  to  enable  the  dog-cleats  to  clear  the 
ribbands  of  the  s!iding-ways,  lest  the  d'og-shores  should  trip,  or  turn 
over  backward,  and  the  vessel  be  launched  unaware.  From  three- 
quarters  of  an  inch  to  one  inch  of  freedom  is  left  at  ea«h  side  between 
the  bilge-ways  and  the  ribbands,  increasing  gradually  downward. 
Beferences  to  Figt.  104  and  105, 

a,  ground-ways  of  the  Blip,  with  a  declivity  of  li  inches  in  a 

foot., 

•  See  fig.  lOT. 
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6,  ticked  line  denoting  the  upper  surface  of  the  blocks  on  which 
the  keel  of  the  ahip  rests  while  she  is  building, 

BB,  section  of  the  building-blocks.  The  inclination  of  these  blocks 
from  the  horizon  is  1  foot  in  19  feet. 

SW,  section  of  the  sliding-ways  as  composed  of  blocks  and 
'  planks. 

B\V,  section  of  the  bilge-ways  laid  on  the  alidiag-ways,  the  outside 
of  the  one  bilge-way  being  apart  from  the  outside  of  the  other  one- 
sixth  the  main  or  greatest  breadth  of  the  ship,  together  with  the 
breadth  of  the  main  keel. 

/,  section  of  the  bilge-ways  lengthways. 

E,  ribbands  (square  pieces  of  fir),  secured  to  the  slidbg-ways  to 
prevent  the  bilge-ways  from  spreading  or  being  forced  out  when  the 
ship  is  being  launched. 

hh,  inclination  given  to  the  sliding-ways,  usually  from  three- 
quarters  to  seven-eighths  of  an  inch  to  a  foot. 

it,  stopping-up  amidships,  composed  of  large  pieces  of  fir. 

PP,  poppets  or  shores  before  and  abaft  the  stopping-up  pieces. 

SP,  sole-pieces  or  planks  worked  to  receive  the  lower  ends  or  heels 
of  the  poppets. 

DP,  dagger-planks  to  connect  the  poppets  (PP)  with  each  other, 
and  unite  them  with  the  stopping-up  (u). ' 

CP,  planks  worked  to  the  bottom  of  the  ship  to  confine  the  upper 
ends  or  heads  of  the  poppets.  . 

C,  cleats  to  support  the  plank  (CP),  They  are  screwed  to  the 
bottom. 

S8,  slices  or  large  wedges  placed  between  the  sole-pieces,  stopping- 
up  and  bilge-ways,  to  set  the  launch  to  the  bottom  of  the  ship,  and 
take  the  weight  of  the  vessel  ofi'  the  buQding-blocks  (BB). 

SH,  ribband-shores  fo  support  the  ribbands  and  prevent  them  from 


DS,  dog-shore,  with  its  heel  resting  against  the  fore  end  of  the 
foremost  length  of  ribband,  and  its  head  against  the  launch ing-cleat. 
(DC)  on  the^  bilge-ways. 

DC,  launching  or  dog-cleat  fo  receive  the  fore  end  of  the  dog- 
shore  (DS).  The  under  side  of  this  cleat  should  be  kept  above  the 
upper  side  of  the  ribbands  (B),  as  in  launching  the  cleat  should  pass 
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sA,  shores  placed  from  the  ship  to  the  biig^ways  to  prevent  them 
from  tripping  inward. 

(,  trigger  placed  under  the  dog-shore,  and  removed  immediately 
previous  to  the  launch  of  the  vessel. 

V,  holes  in  the  ends  of  the  bilge-ways  to  receive  ropes  which  are 
led  on  hoard  the  ship  to  secure  the  bilge-ways  when  the  vessel  is  in 
the  water,  as  the  bi!ge-ways  then  usually  float  up  from  under  her. 

A  much  less  expensive  mode  of  launching  than  the  foregoing  is 
the  method  practiced  in  France  and  in  many  private  ship-yards.  The 
annexed  figure  (106)  represents  this  method.     The  two  pieces  {aa) 


Fig.  106.     . 

which  are  shown  in  the  sketch  as  being  secured  to  the  ship's  bottom 
are  the  only  pieces  which  need  be  prepared  according  to  this  system 
for  each  ship,  the  whole  of  the  remainder  being  available  for  each 
launch.  A  space  of  about  half  an  inch  is  left  between  them  and  the 
balk  timber  placed  beneath  them,  as  it  is  not  intended  that  the  ship 
should  bear  on  these  balk  timbera  in  launching,  but  merely  be  sup- 
ported by  them  in  the  event  of  her  heeling  over.  The  ship  is  there- 
fore launched  wholly  on  the  eliding-plank  (c),  fitted  under  the  keel. 
Ships  of  2600  tons  have  been  launched  in  this  manner  without  a 
single  cleat  or  nbband  of  any  kind  upon  their  bottom,  thus  avoiding 
.6  maldng-up  of  the  slide-ways,  except  for  about  60  feet  in  mid- 
for  keeping  the  ship  upright.  The  centre-way  was  hollowed, 
ronnd  sliding-way  fitted  in  it,  and  the  keel  was  thus  supported 
from  end  to  end.  This,  therefore,  may  be  considered  to  he  the  safest, 
cheapest  and  easiest  mode  of  launching  long,  sharp  ships. 

If  a  ship  is  etrppered  before  launching,  so  that  putting  her  inb) 
dry-dock  for  that  purpose  becomes  unnecessary,  it  is  then  desirable 
that  she  should  be   launched  without  any  cleats  attached  to  her 


all 
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bottom.  This  method  of  fitting  the  launch  is  represented  in  fig.  107. 
It  will  be  seen  that  the  prindple  is  the  same  as  the  first  mode 
(fig.  104).  The  two  sides  of  the  cradle  are  prevented  from  being  forced 
apart  when  the  weight  of  the  ship  is  brought  upon  them  by  chains 
passing  under  the  keel.  Each  portion  of  framework  composing  the 
launch  has  two  or  more  of  these  chains  attached  to  it,  and  ea«li 
chain  is  brought  under  the  keel  to  a  bolt  (a),  which  passes  loosely 
thr6ugh  one  of  the  poppeU,  and  is  secured  by  a  long  forelock  (6) 
with  an  iron  handle  (c),  reaching  above  the  water-line,  so  that  when 


Fic:  J  07. 
the  ship  is  afioat  it  may  be  drawn  out  of  the  bolt.  The  chain  then 
,  draws  the  bolt  a,  and,  in  falling,  trips  the  cradle  from  under  the 
bottom.  There  should  be  at  least  two  chains  on  each  side  secured 
to  the  fore  poppets,  two  on  each  side  secured  to  the  after  poppets, 
and  two  on  each  side  to  the  stopping-up,  and  this  only  for  the  launch 
of  a  small  ship.  In  larger  ships  the  number  will  be  necessarily 
increased  according  to  the  weight  of  the  vessel  and  the  tendency  that 
she  may  have,  according  to  her  form,  to  separate  the  Ulge-'waya. 
This  tendency  on  the  part  of  a  sharp  ship  by  a  rising  floor,  or  by  her 
wedge-shaped  form  in  the  fore  and  afler  bodies,  is  great;  hut  there 
la  not  much  probabUity  of  a  ship  heeling  over  to  one  side  or  the 
other. 

There  is  no  valid  objection  to  the  cheaper  and  more  ready  method 
practiced  in  France  of  launching  on  the  keel. 

Preparationg  for  Launching.— The  slip-ways  are  completed  and  the 
cradles  built  and  fitted  up  in  their  places  a  day  or  two  before  the 
launch  is  to  take  place,  the  ship  still  resting  on  the  building-blocks 
and  kept  upright  by  props  and  shores.  Shortly  before  the  launch 
the  bilge-ways  :iie  turned  out  of  their  places  on  the  slip-ways,  and 
the  slip-ways  and  bilge-ways  are  payed  over  first  with  hard  tallow 
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and  theu  with  eoftrsoap ;  the  tallow  t«  stop  the  pores  of  the  wood  and 
give  it  a  smooth  sur&ce,  and  the  soft-soap  to  lubricate  that 'surikce. 
The  bilge-ways  are  then  turned  in  again  and  the  cradle  fitted  up  as 
before,  and  the  exposed  parts  of  the  slip-ways  are  covered  with  boards 
to  protect  them  from  dirt  until  the  time  for  launching  arrives.  If 
the  cradle  has  slices,  they  are  then  driven,  so  as  to  3e(  up  the  cradle 
against  the  bottom  of  the  ship  and  make  it  support  her  weight;  if  not, 
the  same  purpose  is  effected  by  lowering  the  building-blocks.  Theu 
the  props  and  shores,  which  kept  her  steady  when  building,  are  re- 
moved, and  the  building-blocks  are  struck  one  by  one  from  under 
her  keel,  commencing  at  the  stern.  Sometimes  a  few  blocks  are  left 
under  her  forefoot  to  be  tripped  or  overturned  when  she  is  launched. 
Meanwhile,  if  she  is  to  be  lauoched  into  narrow  waters,  her  bower 
anchors(K)  have  been  fixed  in  the  ground  in  the  ship-yard,  as  shown 
in  fig.  103,  and  if  necessary  loaded  to  increase  their  hold ;  and  her 
chain  cables  {cc)  have  been  ranged  alongside  of  her,  so  that  their 
friction  on  the  ground  and  the  hold  of  her  anchors  may  gradually 
stop  her  way  after  she  has  been  launched.  The  cables  should  be 
triced  up  to  keep  clear  of  cradle,  and  ckeek-stoppers  put  on  in  order 
to  bring  the  ship  up  as  gradually  as  possible. 

Sometimes  in  Ijirge  ships  as  an  additional  security  the  stem  of  the 
ship  is  buoyed  up  by  immense  casks  or  camels,  slung  with  chains.* 

If  the  ship,  however,  is  to  be  launched  into  a  wide  space,  her 
anchors  are  hung  at  the  bows,  and  a  tug  at  hand  to  tow  her  into  the 
dock  after  she  is  launched.  Her  whole  weight  now  rests  on  the 
bi)ge-ways,  and  she  is  kept  at  rest  solely  by  the  dog-shores.  By  care- 
ful indention  it  should  be  ascertained  that  all  is  clear  for  launching. 
Launehing.— When  the  tide  is  high  the  triggers  are  removed,  the 
dog-shores  are  struck  down,  and  the  ship  ia  named  as  her  forefoot 
touches  the  water. 

Should  she  at  first  refuse  to  move,  she  may  he  started  by  the  jack- 
screw  or  hydraulic  press  screw.  After  the  launch  the  cradle  floats 
up  from  below  her  bottom,  and  is  hauled  ashore  by  means  of  ropes 
attached  to  it  for  that  purpose. 
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CHAPTER  XVII. 

DocKS-DOCKma  ships-hints  on  repairing  wooden  ships. 

Ships  are  frequently  built  and  nearly  always  repaired  in  dock. 
There  are  several  sorts  of  docks,  as  the  floating-dock,  dry-dock  and 
wet-dock.   ■ 

Where  there  is  a  regular  and  considerable  rise  and  fell  of  the  tide, 
excavations  are  made  In  the  land  near  the  water,  feced  with  solid 
masonry,  and  generally  having  entrances  fitted  with  gates  or  caissons, 
which  serve  either  to  retain  or  exclude  the  tidal  waters,  as  desirable. 
Those  on  a  large  scale,  as  the  London  or  Liverpool  docks,  which 
are  kept  fiiH  of  water,  are  called  wet>doeks  or  basins,  being  in  faet 
artificial  harbors,  in  which  vessels  are  always  kept  afloat  while  under- 
going internal  repairs,  loading  or  unloading,  fitting  for,  or  being  kept 
ready  for  going  to,  sea.  Commercial  wetdocks  usually  have  "  locks" 
(as  in  a  canal)  attached  to  them,  so  as  to  admit  of  the  entrance  and 
egress  of  vessels  at  any  time  of  tide  without  losing  more  water  than 
necessary.  In  naval  wet^'docks,  the  ships  generally  requiring  as  much 
water  outside  as  in,  one  barrier  in  the  form  of  a  caisson  is  used,  but 
which  is  seldom  worked  excepting  at  high  water. 

The  dry-docS  is  both  deeper  and  narrower.  It  is  deeper  because 
it  ia  necessary  to  have  more  water  in  the  dock  at  the  time  of  docking 
a  ship  than  at  its  entrance.  This  is  for  the  purpose  of  gaining  depth 
enough  for  the  angle-blocks  on  which  the  keel  of  the  ship  is  to  rest, 
and  is  effected  by  having  the  floor  of  the  dock  somewhat  below  the 
low-water  mark.  Then,  Otter  closing  the  entrance,  the  dock  ia 
drained  either  by  pumping  or  letting  the  water  run  ofi"  with  the 
falling  tide  through  channels  called  culverts.  It  is  narrower,  because 
when  not  water-borne  the  ship  requires  to  be  supported  by  shores, 
which,  abutting  on  the  sides  of  the  dock,  bear  against  those  of  the 
ship  and  are  set  taut  by  wedging.     (Fig.  108.) 
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The  eamon,  or  floating-dam,  is  a  vessel  whose  length  is  equal  to 
the  breadth  of  the  dock  entrance.  BotJi  its  ends  are  formed  like 
the  bow  of  a  ship,  and  the  keel  is  continued  up  each  st«m.  It  is 
ballasted  and  fitted  with  valves  or  penstocks,  and  so  formed  that 
when  full  of  water  and  in  its  place  across  the  entrance,  the  stem  and 
keel  fit  accurately  into  a  groove  cut  in  the  masonry  on  the  sides  and 
across  the  bottom  of  the  entrance,  the  passage  of  water  being  thus 
prevented.  When  it  is  necessary  to  remove  the  caisson,  the  water 
is  either  run  off  at  low  water  or  pumped  out ;  and  as  the  entrance  is 
widest  at  the  top,  tlie  caisson  on  being  floated  up  on  the  rising  water 
becomes  cleared  of  the  grooves  and  is  withdrawn. 

The  patent  slip  is  an  adaptation  of  the  common  slip  to  the  purpose 
of  repairing  vessels.  Carriages  in  number  according  to  the  length  of 
the  vessel,  fitted  with  cog-wheels  and  working  on  corresponding  racks, 
are  run  out  under  the  bows  of  the  vessel  When  secured  upon  these 
she  la  hauled  up  either  bv  capstans  or  steam  machmery 

In  order  to  take  a  ship  into  a  dry  d>cL  it  is>  neccs  ^ry  to  as  ertain 
as  nearlj  as  possible  the  line  of  the  ship  s  keel  then  arrange  the 
blocks  m  the  dock  to  c  nf  jrm  as  near  as  may  be  to  the  1  ne  of  the 
keel  alway  allowing  the  ship  to  settle  a  little  n  the  centre  Let 
the  --hip  be  upright  without  heeling  to  eith  r  side  h  i\  e  the  aht  res 
arranj,ed  on  e^ch  side  of  the  dock  readj  tor  u  e  Open  the  tilling 
cul^ert  gat^^^i  and  when  the  lock  is  full  open  the  turning  gate" 
hiul  the  «hip  into  the  d(i.k  and  shut  the  gites  Place  the  ship 
in  the  centre  of  the  dock  start  the  pumj  and  as  soon  as  the 
keel  touches  the  blocks  set  up  the  horizontal  bores  bv  means  of 
screws  or  welges  As  the  water  recedes  Jrom  the  d  ck  leaving 
the  lower  altar"  other  lines  of  "bores  must  be  pliced  an  1  set  up 
with  wed^t  is  the  -water  is  pumpei  out  the  altars  should  be 
washed  off  that  the  workmen  may  have  a  dean  d  ek  for  their  opera 
tions  W  hen  all  the  shores  are  placed  and  the  shif  properly  secure  1 
go  to  work. 

In  docking  large  ships,  such  as  heavy  frigates,  it  sometimes  becomea 
necessary  to  stop  the  pumps  for  a  few  moments  in  order  to  give  the 
workmen  time  to  get  up  a  sufficient  number  of  shores  to  secure  the 
ship  safely,  which  could  not  always  be  done  with  an  ordinary  crew 
of  workmen  if  the  pumps  were  kept  at  full  speed. 
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In  the  seHional  floating-dock  the  stability  of  the  structure  ia 
secured  by  end-floats,  which  slide  up  and  down  in  framework  pro- 
vided for  the  purpose.  They  also  serve  the  purpose  of  ballast  for 
sinking  the  dock  to  receive  a  vessel. 

When  a  ship  is  to  be  raised  upon  this  dock  the  water  is  let  into  the 
tanks,  and  the  machinery  put  in  motion  to  raise  the  ecd-floats,  by 
which  means  the  tanks  are  forced  down  to  the  proper  depth  to  receive 
the  vessel.  The  ship  is  then  hauled  in  between  the  uprights,  placed 
in  the  centre,  and  the  end-floats  are  let  down  so  that  the  tanks  rise 
gently  until  the  keel  touches  the  blocks ;  the  side  horizootai  shores 
are  then  placed  to  keep  the  ship  upright,  and  the  pumps  are  put  in 
motion.  "When  the  tanks  begin  to  press  firmly  against  the  keel,  the 
bilge-blocks  are  drawn  under  the  ship,  and  the  pumping  proceeds 
until  the  ship  is  lifted  out  of  the  water,  care  being  taken  to  work  the 
pumps  in  the  different  sections  in  proportion  to  the  displacement  of 
the  parts  of  the  ship  resting  upon  them. 

If  the  vessel  is  to  be  taken  on  shore  by  means  of  the  basin  and 
railway,  the  next  operation  is  to  bring  the  bottoms  of  the  tanks  in  a 
plane,  which  is  done  by  heavy  bed-screws  applied  to  any  tanks  which 
may  be  highpr  than  the  others.  These  screws  are  set  against  the 
ship's  bottom,  and  their  effect,  when  turned,  is  to  force  the  tank  down 
deeper  into  ^he  water.  When  all  the  tanks  are  so  arranged  as  to 
present  an  even  uniform  surface  to  the  floor  of  tlie  basin,  the  struc- 
ture is  hauled  into  the  basin,  the  valves  in  the  tanks  are  opened,  and 
sufficient  water  is  admitted  to  sink  th*  dock  and  firmly  ground  it  on 
the  floor.  The  cradle  is  then  placed  under  the  ship,  the  hauling 
apparatus  is  applied,  the  engine  put  in  operation,  and  the  ship  hauled 

ashore  on  the  railway. 

If  necessary  the  ship  may  then  be  shored,  as  on  a  building-slip, 

and  the  cradle  can  be  removed  so  as  to  give  the  workmen  free  access 

to  all  parts  of  the  keel  and  bottom. 

The  baUinee  floating-dock  is  provided  with  side  chambers  intended 

to  answer  the  same  purposes  as  the  end-floats  in  the  sectional  dock ; 

in  these  chambers  are  compartments  into  which  water  is  raised  for 

the  purpose  of  sinking  the  dock  to  receive  a  vessel. 

If  a  ship  is  to  be  raised  and  hauled  on  shore  by  means  of  the  basin 

and  railway,  *he  cradle  is  first  put  in  the  dock,  the  dock  is  then  sunk 

by  opening  the  valves  and  by  pumping  water  up  into  the  upper  side 
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chambers.  When  sunk  to  a  proper  depth,  the  ship  is  hauled  in  over 
the  cradle  and  placed  in  the  centre  of  the  dock  ;  the  water  is  then 
let  off  from  the  upper  chambers,  which  causes  the  dock  to  rise  gently 
until  the  keel  touches  the  blocks,  when  the  horizontal  shorPS  are 
placed  to  keep  the  ship  upright  The  pumps  are  then  put  in 
operation,  and  as  soon  as  the  ship  has  a  good  bearing  on  the 
cradle  the  bilge-shores  are  drawn  under  htr,  and  all  the  water  is 
pumped  fium  the  dock.  The  structure  is  then  floated  into  the 
basin;  water  is  admitted  into  the  dock  fo  sink  it  upon  the  floor; 
the  hauliog-beams  are  now  appl    d     h     n  u     n    peration,  and 

the  vessel  drawn  on  shore.      Aa    n    h     cas  ional  dock, 

if  necessary,  the  vessel  may  b  h  da  nabud  ng-slip,  and 
the  cradle  removed  to  g^ve  the  w    km  n  ess        he  keel  and 

bottom. 

If  the  vessel  is  not  to  be  drawn  ashore  by  the  railway,  the  cradle 
is  not  used  in  the  dock,  but  the  ship's  keel  rests  upon  blocks  laid  on 
the  floor  of  the  dock  for  the  purpose.  The  process  of  raising  would 
be  the  same  as  in  the  other  case. 

Hints  on  Ovekhaclinq  and  Repairing  a  Vessel  in  Dock. 
The  ship  having  been  placed  in  the  dock  and  secured  by  the  shores, 
as  before  described,  if  the  repairs  required  are  known  to  "be  extensive, 
the  copper  sheathing  is  taken  off  the  bottom,  and  planks  are  split  out 
fore  and  aft  in  those  parts  of  the  ship  that  experience  has  pointed 
out  to  be  the  most  likely  for*  decay  to  arise,  such  as  the  outside 
planking  betiveen  wind  and  water,  or  immediately  in  the  vicinity  of 
her  line  of  flotation,  and  in  the  turn  of  the  fii^g-e,  where  the  timbers  of 
the/rame  are  very  subject  to  rot  from  the  wood  being  cut  across  the 
grain  and  the  heart  thus  exposed  to  wet.  The  outside  planking  above 
water,  immediately  in  the  wake  of  the  ehannek,  will  often  be  found 
defective  fi'om  the  strain  brought  on  it  by  the  shrouds  causing  the 
plank  to  open,  or  the  fopsides  of  the  ship  to  work ;  while  the  timbers 
and  planking  in  the  immediate  neighborhood  of  the  hawse-holes,  being 
subject  to  wet,  are  also  places  that  require  to  be  well  overhauled. 
The  water-way«,  clamps 'and  beam-ends  are  most  exposed  to  the 
effects  of  water  by  leakage,  a  fruitful  source  of  decay ;  and  to  pr&- 
vait  MJwieoesKiry  outhy  in  the  repairs  the  ship  should  "be  thoroughly 
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opened.  All  defects  should  be  removed  before  any  new  work  is 
allowed  to  take  place,  aa  most  serious  expense  has  been  incurred — 
ships  of  war  having  been  repaired  that  would  have  been  taken  to 
pieces  had  the  defects  of  the  ship  been  fully  laid  open  in  all  parts 
before  the  first-discovered  defects  were  made  good.  It  is  an  evidence 
of  sound  judgment,  in  directing  the  repairs  of  a  ship,  to  make  a 
thorough  search  for  defects,  and  totally  remove  them  before  any  new 
materials  are  provided,  much  less  worked  into  the  ship.  This  method 
of  proceeding  presents  another  advantage  in  that  the  timbers  of  the 
ship  are  thrown  open  to  the  air  for  a  time,  and  a  check  thus  given  to 
any  incipient  decay  or  production  of  fungus.  When  the  repairs  to  be 
executed  run  to  a  great  extent,  more  especially  in  the  frame  of  the* 
ship,  it  becomes  a  matter  of  serious  consideration  to  determine 
whether  it  would  not  be  more  advantageous  to  break  the  vessel  up, 
using  the  serviceable  portions  (which  will  generally  be  found  to 
be  the  beams  aad  the  lower  timbers  of  the  frame)  in  the  construc- 
tion of  another  vessel.  Should  it,  however,  be  deemed  advisable 
to  continue  the  repairs,  the  most  effective  and  economical  proceed- 
ing would  be  to  take  off  the  topndes  outside  as  low  down  as  the 
walea,  and  remove  the  interior  planking  up  to  the  same  line.  This 
method  enables  the  shipwright  to  have  a  full  inspection  of  three  sides 
of  each  timber — allows  the  defective  timbers  to  be  easily  removed, 
and  the  new  ones  to  be  replaced  with  facility;  while  the  planking  that 
is  retained  outside  and  inside  serves  as  an  effectual  ribband  to  pre- 
serve the  form  of  the  ship.  The  ends  of  the  beams  of  the  several 
decks  should  be  examined  by  boring  them  with  an  auger  from  the 
side,  in  a  slanting  ihrection,  into  the  beam-end ;  but  if  the  outside 
planking  requires  to  be  taken  off  in  the  wake  of  the  beam-ends,  an 
external  survey  of  them  can  be  made  without  recourse  to  the  internal 
one.  Care  should  be  taken  in  large  repairs  that  the  form  of  the  ship 
is  preserved  by  means  of  harpins,  ribbands  and  shores,  where  re- 
quired, similar  to  those  used  in  building.  But  great  caution  should 
be  exercised  in  undertaking  large  repairs,  the  attendant  expense 
being  more  than  would  arise  from  building  a  new  ship,  in  consequence 
of  the  two  operations  of  pulling  to  pieces  and  putting  together  again. 
The  knees  to  the  beams  of  the  several  decks  should  be  well  examined ; 
and  any  appearance  of  working — which  would  be  evidenced  by  the 
bolt-heads  being  drawn  down — should  be  carefully  considered,  and 
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aa  endeavor  made  to  remedy  the  defect,  aa  the  working  of  a  ship  on 
her  fasteaings  is  attended  with  the  twofold  evil  of  rapidly  weakening 
the  fabric  and  the  production  of  rot. 

The  rudder  should  be  unhung  after  the  woodlock  is  removed;  and 
the  pintles  and  braces  by  which  it  is  hung  should  he  carefully  ex- 
amined. The  head  of  the  rudder  should  be  well  inspected  to  ascer- 
tain if  the  wooden  portion  has  heen  strained,  and  that  the  iron  bands 
are  firmly  in  place. 
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The  strain  that  is  brought  on  the  different  parts  of  a  wooden  ship 
it  is  impossible  to  calculate,  and  therefore  it  is  by  long  practice  alone 
that  the  materials  used  in  ship-building  have  got  the  dimensions  now 
considered  proper.  Of  course  a  ship  mteuded  to  carry  heavy 
materials,  such  as  iron  ore  or  salt,  Ijable  to  make  the  vessel  uneasy 
at  sea,  ought  to  be  bnilt  stronger  than  a  ship  intended,  say  for  the 
cotton  or  tea  trade.  Different  qualities  of  materials  also  require 
different  dimensions  to  give  the  same  strength  to  the  ship,  but  still 
the  strength  does  not  depend  alone  on  the  dimensions  given  to  the 
timbers  and  other  materials.  Their  proper  connections  with  suitable 
festenings  affect  the  strength  of  the  ship  almost  in  a  stiU  greater 
degree,  and  therefore  it  requires  all  the  skiil  of  an  able  and  ex- 
perienced ship-builder  to  give  all  the  materials  proper  dimensions  in 
proportion  to  each  other  and  to  the  dimensions  of  the  ship.  The 
dimensions  of  the  principal  materials  used  in  the  building  of  men- 
of-war,  as  put  in  the  fcUowing  table,  are  mean  dimensions  in  use  in 
different  countries,  and  may  therefore  be  considered  suitable  in  all 
ordinary  eases  where  the  vessel  is  built  of  oak  or  teak  or  some  other 
timber  of  nearly  the  same  strength ;  but  if  pine  or  fir  is  used,  the 
scantlings  ought  to  be  one-eighth  to  one-sixth  heavier. 

The  same  scantlings  are  applicable  to  mercliant  vessels,  with  this 
observation,  that  the  main-deck  beams  of  a  frigate  will  answer  as 
lower-deck  beams  of  a  merchantman  of  the  same  breadth,  and  tlie 
upper-deck  beams  of  a  frigate  as  the  upper-deck  beams  of  a  mer- 
chant ship, 

rule,  if  the  ship  is  very  long  in  proportion  to  her 
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L,  the  dimensions  of  some  of  tlie  materials  ought  to  be  greater 
than  put  down  in  the  table,  and  this  about  in  the  following  propor- 
tion :  If  the  length  on  load  water-line  is  from  5  to  65  times  the  main 
breadth,  divide  the  length  by  5,  and  take  the  quotient  as  the  breadth, 
for  determining  the  scantliugs  of  the  keel,  felse  keel,  deadwood,  stem, 
forefoot,  apron,  knight-heads,  hawse-pieces,  stern-post,  siding  of  the 
frames,  keelson,  iron  diagonals,  thickstufF  at  the  floor-heads  and  fut- 
tock-heads,  clamps  and  shelf  for  the  beams,  water-ways,  spirketing, 
catheads,  riding-bitts,  hawse-holes,  all  the  wales  and  outside  planking. 
All  the  other  scantlings  are  taken  to  the  reaj  breadth  of  the  ship. 

If  the  length  on  load  water-line  is  from  62  to  8  times  the  breadth, 
divide  the  length  by  6,  and  consider  the  quotient  as  breadth  for  the 
above-mentioned  scantlings.  If  the  length  is  more  than  8  times  the 
breadth,  divide  by  7 ;  *and  if  it  is  more  than  9J  times  the  breadth, 
divide  by  8,  and  take  the  scantlings  as  before. 

This  is  applicable  for  men-of-war  as  well  as  for  merchant  vessels, 
but  for  steam  vessels,  intended  only  to  carry  passengers,  and  for  mail 
steamers  the  scantlings  may  be  made  slighter,  particularly  the  mould- 
ing of  the  frames,  which  according  to  circumstances  might  be  dimin- 
ished to  something  about  three-fourths  of  what  is  put  down  in  the 
table. 

All  the  dimensions  are  given  in  inches  except  where  otherwise 
signified. 

SCHEME   OF   SCANTLINGS. 
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SCHEME  OF   SCANTLINGS,— OmHnued. 
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When  two  pieces  of  timber  are  to  be  bolted  together,  the  diameter 
of  the  bolts  may  generally  be  y'j-th  of  the  thickness  of  the  timber,  and 
this  diameter  is  to  be  increased  by  ^th  of  an  inch  for  every  timber  the 
bolt  has  to  go  through  more  than  two. 

When  the  length  of  the  tiller  is  L,  the  diameter  of  the  barrel  of 
the  steering  wheel  is  0.152  L,  but  from  this  diameter  must  be  taken 
one  diameter  of  the  wheel  rope,  or  a  spiral  be  cut  out  for  the  rope. 
The  length  of  the  barrel  of  the  wheel  is  eleven  (11)  times  the  diame- 
ter of  the  rope.    It  must  be  possible  to  turn  the  rudder  from  38  to 
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42  degrees  to  each  side.     The  diameter  of  the  wheel  to  be  from  J-  to 
^  the  breadth  of  the  ship. 

"When  the  thickness  of  the  keel  will  allow  it,  the  keel  may  be 
tapered  to  both  ends,  so  that  it  is  sided  in  the  fore  end  at  the  fore- 
foot il,  and  in  the  after  end  at  the  stern-posts  -f  of  the  siding  in  the 
middle.  The  stem-post  at  the  height  of  the  radder-port,  and  the 
stem  at  the  height  of  the  main-wales,  are  then  sided  the  same  as  the 
keel  in  the  middle ;  but  the  top  of  the  stem  may  be  ^  more  if  the 
timber  will  allow  it  The  stem  may  be  joined  to  the  keel  in  the 
same  manner  as  the  stem-post,  which  is  as  strong  as  with  a  gripe  or 
forefoot,  and  this  will  be  especially  profitable  in  large  ships,  for 
■which  a  good  forefoot  may  be  difBcult  to  procure. 

On  iron  vessels  whose  dimensions  are  th  g  m  T  BLE  XXS. — 
The  rivets,  where  the  seam  is  to  be  wate  t  ht  a  n  t  to  be  nearer 
to  the  edges  of  the  plates  than  a  space  qual  t  th  d  ameter  of  the 
rivets,  and  not  farther  from  centre  to  nt  e  tl  n  J  it '  times  their 
diameter,  nor  less  than  three  times  their  d  am  t 

Eivets  through  the  plating  and  frames  and  th  gh  the  angle-irons 
on  the  beams,  and  generally  where  wat  t  ghtness  not  required 
between  the  pieces  joined  together,  may  be  placed  so  far  from  each 
other  as  eigM  times  their  diameter  from  centre  to  centre. 

The  overlapping  of  the  plates,  where  double  riveting  is  used,  ought 
not  to  be  less  in  breadth  than  five  times  the  diameter  of  the  rivets, 
and  where  single  riveting  is  used  not  less  than  three  times  the  diame- 
ter of  the  rivets. 

Distance  between  the  frames  15  to  18  inches,  and  in  river  steamers 
20  to  24  inches.  Generally  in  such  steamers  the  distance  between 
the  frames  is  greater  toward  the  extremities  of  the'vessel  than  in  the 
middle ;  say  in  the  engine-room,  15  to  18  inches,  while  forward  and 
abaft,  20  to  24  inches. 
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Keel. — To  be  of  white  oak,  sided  1  foot  6  inches,  and  laid  straight, 
without  any  curve;  to  be  made  of  two  depths — viz.,  the  upper  oi: 
internal  keel,  and  the  lower  keel,  but  may  be  in  one  depth  if  the  tim- 
ber will  work. 

The  upper  keel  in  depth,  1  foot  2  inches. 

The  lower  keel  in  depth,  1  foot 

The  rabbet  to  be  cut  on  the  upper  keel ;  the  lower  edge  of  the 
rabbet  being  4  inches  above  the  lower  edge  of  the  upper  keel.  The 
number  of  piecea  in  the  upper  keel  not  to  exceed  six  (6),  and  in  the 
lower  keel  not  to  exceed  seven  (7). 

Searphs  to  be  in  length  10  feet,  to  be  plain  without  jogs,  and  four 
(4)  coah  in  two  rows  let  in.  Coaks,  in  width,3i  inches;  in  thick- 
ness, 25  inches;  in  length,  16  inches.  The-^^s  of  searphs  to  be  fast- 
ened with  2  copper  bolts  I  inch  in  diameter,  to  hs  riveted  (i.  e.,  clinched) 
on ;  in  length,  three  times  the  thickness  of  the  nib. 

The  searphs  to  be  further  fastened  with  4  copper  bolts  in  each,  in 
diameter  1. inch  ;  to  be  driven  in  the  spaces  between  the  floor  timbers 
and  riveted.  Between  the  upper  and  lower  keel  the  joint  to  be  jair, 
and  two  rows  of  coaks  to  be  let  in ;  coaks  18  inches  long,  4  inches 
wide,  3  inches  thick  and  30  inches  asunder. 

The  upper  and  lower  keels  to  be  fastened  together  with  copper 
bolts,  about  5  feet  asunder,  f  inch  in  diameter.  The  upper  keel  to 
be  bolted  athwartships,  near  the  lower  edge,  about  5  feet  asunder, 
and  the  lower  keel  in  the  same  manner,  about  7J  feet  asunder,  with 
copper  bolts  in  diameter  i  inch. 
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Faise  Iced,  in  thickness  2  inches ;  fastened  to  the  main  keel  with 
copper  bolts  12  inches  in  length,  |  inch  in  diameter.  Whole  depth 
of  keel  and  false  keel,  clear  of  rabbet,  1  foot  6  inches. 

Deadvjood,  forward  and  aft,  of  live  oak,  sided  1  foot  6  inches.  The 
stem-post  knee  of  live  oak,  to  be  fayed  on  the  keel  and  to  the  fore  side 
of  the  stem-post.  Over  this  knee  the  deadwood  is  to  be  built,  keep- 
ing the  shortest  pieces  below  and  coaking  them  to  eaeh  other  and  to 
the  keel. 

Stern-post  knee-holU  of  copper,  in  diameter  II  inches,  in  number  4; 
of  which  2  will  be  driven  through  the  lower  end  of  the  stem-post, 
and  2  through  the  after  end  of  the  keel.  Care  must  be  taken  that 
these  bolts  do  not  interfere  with  those  of  the  deadwood. 

Deadwood. — The  7  main  bolts  of  the  after  deadwood — tliat  is,  the  4 
last  in  the  keel,  and  the  3  first  in  the  lower  end  o£  the  stern-post— to 
be  in  diameter  H  inches.  The  remaining  bolts  in  the  post  and  the 
four  nest  in  the  keel  to  be  in  diameter  IJ  inches. 

From  which  to  the  after  square  frame  they  will  be  driven  2  feet 
asunder,  in  diameter  li  inches. 

When  the  deadwood  is  not  more  than  7  inches  deep,  the  bolt  will 
be  in  diameter  J  inch,  gradually  increasing  in  size  as  the  depth 
becomes  greater ;  but  they  will  not  in  any  case,  between  the  aftermost 
and  foremost  square  frame,  be  of  greater  diameter  than  1  inch. 

These  bolts  for  drawing  the  deadwood  to  the  keel  will  be  in  length 
about  2J  times  the  depth  of  the  piece  through  which  they  are  first 
driven,  but  when  this  is  within  4  inches  of  the  lower  side  of  the  lower 
keel,  let  the  bolts  go  through  and  be  clinched  as  all  others. 

The  forward  deadwood  bolts,  before  the  forward  square  frame,  to  be 
about  20  inches  asunder,  and  in  diameter  1\  inches. 

The  deadwood  knee  to  be  fayed  on  and  coaked  to  the  deadwood ; 

bolts  of  copper,  about  20  inches  asunder,  and  in  diameter  If  inches. 

The  bolts  in  the  arm,  to  go  through  and  clinch  ;  those  in  the  body 

to  be  in  length  2J  times  the  depth  of  the  piece  through  which  they 

are  driven. 

Stern-post,  of  live  oai,  sided  at  the  rabbet  1  foot  6  inches ;  moulded 
at  the  height  of  cross  seam,  clear  of  rabbet,  1  foot  ?  inches ;  moulded 
at  the  heel,  clear  of  the  rabbet,  2  feet  4  inches,  to  keep  ita  full  siding 
on  the  aft  side  down  to  the  cross  seam,  from  which  it  will  taper  at 
the  heel,  on  aft  side,  to  lOJ  inches. 
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The  rabbet  to  be  cut  near  the  middle  of  the  main  piece  of  stern- 
post,  or  in  that  part  most  free  from  defects. 

The  aft  side  of  the  rabbet,  at  the  height  of  the  cross-seam,  to  be 
kept  11  inches  abaft  the  front  of  the  post,  and  at  the  keel  from  12  to 
16  inches,  as  the  piece  will  work  best. 

The  deficiency  in  the  main-post  to  be  made  up  by  a,  Jake  or  after- 
post,  coaked  to  the  main-posi,  each  piece  having  one  or  two  tenons  in 
the  keel,  according  to  the  size. 

Main  transom,  sided  and  moulded,  1  foot  8  inches;  cross-seam  to  be 
9  inches  below  top  of  transom,  fastened  to  the  stern-post  with  three 
bolts,  in  diameter  li  inches;  the  remaining  transoms  to  side,  1  foot, 
fastened  with  two  bolts  in  each,  in  diameter  IJ  inches. 

Stem,  of  live  oak,  sided  18  inches ;  searphs  hooked  (tabled)  about  2 
inches,  and  fastened  with  bolts,  in  diameter  li  inches;  the  nibs 
secured  with  bolts,  in  diameter  i  of  an  inch ;  the  rabbet  of  the  stem, 
if  the  size  and  quality  of  the  timber  will  admit,  is  not  to  be  cut  close 
to  the  aft  side,  but  to  be  so  situated  that  the  aft  side  of  the  stem  may 
be  at  or  near  the  hearding-lhie. 

Apron,  of  live  oak,  sided  1  foot  6  inches ;  moulded  at  head,  at  the 
after  corner  on  a  square  from  the  plank,  9  inches ;  fastened  to  the 
stem  with  bolts  of  copper  and  iron  about  2  feet  asunder,  in  diameter 
li  inches. 

Timber  and  Room. — Floor  ttTnbers  to  side  from  12  to  14  inches ; 
first  futtocke  to  side  from  10  to  12  inches;  second  fuUocks,  third 
futtocks,  fourth  Juttoeks,  top  iimhere  and  stanchions,  for  a  length  amid- 
ships of  100  feet,  to  side  11  inches ;  for  the  next  40  feet  forward  and 
aft  to  side  10  inches ;  for  the  next  35  feet  forward  and  aft  these  tim- 
bers to  side  9  inches. 

Moulding  of  the  floor  timbers  in  the  throat,  18  inches ;  moulding 
size  at  the  floor  head  12  inches ;  moulding  of  frame  at  the  porlsill  or 
planks,  2  feet  above  the  u^er  deck,  7i  inches.  The  intermediate  sizes 
to  be  ascertained  by  a  curved  diminishing  line,  and  these  are  the 
moulding  sizes ;  the  timbers  are  to  hold  on  the  square  when  ready  for 
planking  inside  and  outside. 

The  heels  of  cant  timbers  to  have  2  inches  left  on  the  inside,  to  let 
that  much  into  the  deadwood,  with  a  jog  of  12  inches  from  their 
heels,  and  to  be  secured  by  two  copper  bolts  in  each  pair,  in  diameter 
IJ  inches. 
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Frame-boltg  in  each  searph,  asunder  30  inches;  those  below  the 
third  futtock-head  to  be  1|  inches;  those  in  the  floor  timbers  to  be 
copper ;  those  above  the  third  futtock-head  to  be  1  inch  in  diameter. 

Keelson  to  be  of  live-oak  plank,  in  thickness  7  inches ;  to  be  five 
planks  in  height,  th6  planks  composing  the  keelson  to  be  butted 
together  and  not  acarphed ;  the  lower  plank  to  be  coaked  to  tlie  first 
futfoeks;  the  whole  to  be  coaked  together  with  two  rows  of  seasoned 
live-oak  coaks,  10  inches  long,  3  inches  square  and  15  inches  asunder. 

Bolts  for  drawing  plank  to  each  other  to  be  copper,  ?  inch ;  two 
copper  l}-inch  bolts  to  he  driven  through  the  keelson  and  each  floor 
timber. 

Bolts  through  the  stemson  and  keelson  to  be  of  the  same  size,  and 
clinched  outside  before  the  false  keel  and  gripe  are  put  on.  After 
the  bolts  are  driven  and  the  corners  of  the  keelson  chamfered,  there 
will  be  a  capping  of  3-inch  live-oak  plank  to  fill  the  width  between 
the  chamfers  nailed  to  the  top  of  the  keelsons,  into  which  the  heels 
of  the  berth-deck  stanchions  may  mortise. 

Knight-heads  and  hawse-piece$,  of  live  oak,  sided  14  inches ;  bolted 
into  the  apron  and  into  each  other  with  li  iron  bolts ;  asunder  about 
2  feet  6  inches. 

The  spaces  between  the  frames  to  a  level  line,  fore  and  aft,  as  high 
as  halfway  between  the  first  and  second  futtock-heads,  amidships,  to 
ht  filled  in  solid  and  caulked;  the  upper  ends  to  be  cut  ofi"  level. 

Before  the  elampg  and  inside  plank  are  put  on,  the  frames  to  be 
secured  by  diagonal  braces  of  iron,  in  breadth  4  inches,  and  in  thick- 
ness J  inch,  over  which  the  plank  will  be  fitted ;  and  in  each  timber 
to  be  a  bolt  through  the  plate  1 J  inches  diameter,  to  be  clinched  before 
the  outside  plank  is  put  on ;  the  upper  ends  of  these  plates  to  be  5 
feet  asunder,  under  the  upper  etrake  of  gun-deck  clamps,  the  lower 
end  being  under  the  strakes  at  the  first  futtock-heads ;  the  upper 
bolts  to  be  IJ  inches,  and  go  through  the  clamp  and  outside 
plank ;  the  alternate  bolts  above  the  copper  fastenings  to  go  through 
the  outside  plank ;  the  holes  to  be  drilled  and  counter-mnk  amidships ; 
the  heads  of  two  braces  to  come  on  the  same  frame,  the  heels  reaoh- 
ing  forward  in  the  fore  body  and  aft  in  the  after  body  at  an  angle 
of  45°. 

Haivie  holes  in  clear  of  leads  and  pipes  16  inches. 

Runmng  plank  of  bottom,  of  white  oak,  in  thickness  5  inches. 
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Wales,  ofwMie  oak,  in  thickness  6  inches;  in  width  about  8  inches, 
to  gradually  and  fairly  diminish  in  thickness  till  they  fall  in  with  the 
bottom  phnk  and  strake  under  the  plank-sheer,  which  is  in  thickness 
to  be  5  inches ;  the  five  strakes  of  wale  plank  below  the  plank-sheer, 
three  opposite  the  gun-deck  damps,  three  at  the  third  futtock-heads 
and  two  at  the  second  futtock-heads,  to  be  H  inches  thicker,  and 
jogged  that  much  over  the  frames ;  the  plank  to  be  put  on  with  fair 
edges,  without  lu>oi^  or  jogs. 

Ga/fioardsfroAes,  in  thickness  next  tie  keel  10  inches;  in  width,  12 
to  15  inches.  To  allow  for  thickness,  the  timbers  will  be  taken  off 
on  a  level  with  the  top  of  the  deadwood  or  upper  keel,  which  will  be 
made  up  in  the  thickness  of  the  plank  next  the  garboard,  falling 
gradually  and  feirly  in  with  the  bottom  plank.  These  strakes  to  be 
fastened  edgewise  through  the  keel  and  each  other  with  1-inch  copper 
bolts  5  feet  apart,  and  into  the  timber  as  the  other  plank  with  1-inch 
bolts.  All  the  fastenings  going  through  to  be  of  copper,  to  a  line  19 
feet  above  the  lower  edge  of  the  rabbet  of  the  keel ;  from  that  line 
upward,  iron  to  be  used.  The  plank  to  be  square,  fastened  from  the 
keel  to  the  plank-sheer ;  that  is,  there  will  be  two  ihrough-bolia  m  each 
strake  in  each  frame  (except  where  a  knee-bolt  will  answer  the  pur- 
pose) and  two  short  festenings.  The  short  fastenings  to  be  in  diam- 
eter i  inch ;  the  through  fastenings,  which  are  to  be  clenched  below, 
}  inch. 

In  each  butt  there  will  be  one  through-bolt  and  one  fastening,  ex- 
cept the  hood-ends,  where  both  will  go  through  if  practicable.  Tlie 
length  of  the  short  fastenings  to  be  twice  and  one-third  the  thickness 
of  the  plank  through  which  they  are  drivep,  taking  care  that  the 
bolts  shall  not  go  through  the  timber. 

Engine  or  bi^e  keelsons,  to  be  o£  white  oak,  sided  17J  inches  ;  made 
or  fastened  as  the  main  or  centre  keelsons. 

Inside  strakes  at  first  and  second  futtock-heads  in  number  at  each 
butt,  three  of  white  oak,  in  thickness  6  inches,  festened  with  Irinch 
.   bolts. 

Serthrdeck  damps,  to  be  of  white  oak;  six  strakes  on  each  side; 
thickness,  6  inches.  The  three  upper  strakes  to  jog  oyer  the  tifnbers, 
H  inches,  the  plank  being  that  much  thicker  (namely  71  inches), 
fastened  with  J-inch  bolts.  Seams  to  be  fair  without  hooks  or  jogs, 
and  to  be  bolted  edgewise  about  5  feet  asunder,  with  iron  ^inch  bolts. 
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Berth-deck  beame,  of  yellow  pine,  sided  12  inches,  moulded  14  inches ; 
to  have  a  spring*  of  6  inches  in  45  feet,  the  ends  not  to  be  snaped. 

Bm-tk-deek  knees:  to  the  ends  of  each  beam  there  will  be  one  lodge 
and  one  lap  and  hanging  knee,  each  sided  8  inches,  fastened  with 
li-inch  bolts. 

Cartings,  or  fore-and-aft  pieces,  of  yellow  pine,  square,  7  inches,  in 
three  ranges;  that  is,  one  in  the  middle  of  the  decii,  and  the  others 
midway  between  the  middle  range  and  the  side  of  the  ship. 

Ledges,  ot  yellow  pine,  sided,  5  inches;  moulded,  6  inches. 

Berth-deck  plank,  of  yellow  pine,  in  thickness  3i  inches,  in  width, 
about  Si  inches,  fastened  to  the  beams  with  iron  spikes  (plugged)  ;  in 
length  7  inches,  ^ikea  to  be  6  inches  long  in  the  ledges.  The 
beams  and  ledges  of  this  and  other  decks  to  have  two  (2)  spikes  in 
each  strake. 

Water-ways,  of  yellow  pine;  deck  edge,  in  thickness,  6J  inches,  of 
which  1  inch  will  jog  over  the  beams;  next  the  water-ways  will  be 
two  Btrakes  of  yellow  pine,  in  thickness,  6i  inches,  which  will  like- 
wise jog  over  the  beams  and  ledges  1  inch.  The  inner  edge  of  these 
strakes  to  be  chamfered  to  the  thickness  of  the  deck  plank ;  these 
strakes  to  be  bolted  through  the  water-way  and  side  of  the  ship,  with 
one  bolt  in  each  frame,  in  diameter  1  inch.  The  edge  of  the  water- 
way will  be  chined  in  2  Inches,  the  wood  taken  off  thence  in  a  straight 
line  across  to  the  thickness  of  the  spirketing,  which  is  6  inches.  The 
thiek  drakes  and  deck  edge  of  water-way  to  be  fastened  with  |-inch 
bolts,  11  inches  long. 

Spirketing,  to  be  of  white  oak,  6  inches ;  the  spirketing  and  side 
edge_  of  water-way  to  be  festened  with  i-inch  bolts. 

Coamings  and  head-ledges  to  be  of  yellow  pine;  in  width,  for  the 
coaming,  14J  inches,  in  thickness,  6i  inch.es;  chined  on  H  inches 
to  show  5  inches ;  height  above  the  deck,  4  inches ;  to  be  fastened 
with  f-inch  bolts. 

Coamings  for  scuttles,  same  height  above  deck,  but  sided  1  inch 
less ;  bolts  I  inch. 

Abreast  the  crank  hatchway  the  half  beams  will  side  10  inches. 

Beams  moulded  at  the  side  of  ship  the  same  as  whole  beams,  and 
continue  that  size  1  foot ;  from  thence  they  will  taper  to  the  coam- 
ings of  the  hatchway  to  7  inches ;   kneed  to  coamings  with  lodge 
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hiees,  sided  5  inches,  and  to  the  side  with  lodge  and  lap  knees,  sided 
7  inches. 

The  Itfwer  edges  of  beams,  ledges  and  carlings  to  be  rounded. 

Stanchions  under  the  berth-deck  beams,  to  be  of  white  oak,  square, 
9  inches ;  chamfered  1  inch  on  each  corner  to  within  9  inches  of  the 
head  and  heel,  and  let  into  eaps  under  the  team.  . 

BreasfrliooU,  to_  be  of  live-oak,  and  all  fayed  to  the  timber,  sided 
12  inches.  The  tliroatrboll  and  the  next  on  each  side,  in  diameter 
1§  inches ;  the  remaining  bolts,  IJ  inches. 

The  hoolM  (i.  e.,  crutches)  aft  to  be  of  the  same  size  and  secured  in 
the  same  manner. 

Gun  and  deck  ehmps,  to  be  of  while  oak,  in  thickness  6  inches. 
The  two  upper  and  two  lower  strakes  to  be  1  i  inches  thicker,  and  jog 
that  much  over  the  timbers.  The  whole  to  have  feir  edges  and  be 
bolted  edgewise  with  1-inch  bolts  about  5  feet  asunder  and  clear  of 
the  air-ports;  fastenings  to  be,  in  diameter,  i  inch. 

The  air-ports  to  be  between  the  second  and  tJiird  strake,  there  being 
no  air-list;  the  clamps  will  reach  the  spirketing. 

Gun^deek  beams,  of  yellow  pine,  sided  13 J  inches;  moulded  15 
inches ;  to  spring  6  inches  in  45  feet. 

Gun-deck  knees :  to  the  ends  of  each  beam  there  will  be  one  lodge 
knee,  one  dagger  knee  and  one  hanging  knee. 

Lodge  and  dagger  knees,  to  be  sided  8  inches ;  hanging  knees,  9 
inches. 

Bodies  of  hanging  knees  to  reach  the  lower-deck  water-way ;  arms 
to  be  5  feet  in  length.     Knee-holts  to  be  1\  inches. 

Deck,  or  stem-hook  knees,  to  be  sided  9  inches;  bolts  li  infihes. 
Knees  to  he  white  oak  or  live-oak. 

Stanchions  on  the  bertkdeck  to  be  white  oak,  in  diameter  8  inches. 

Ledges,  of  yellow  pine ;  one  (1)  between  every  two  beams,  except  in 
the  range  of  the  hatches,  where  they  will  be  2  feet,  average  distance, 
asunder;  sided  5J  inches,  moulded  7  inches, 

■Coamings  and  head-ledger  of  hatches,  in  height  above  the  deck  10 
inches ;  to  be  1  inch  thicker  than  those  on  the  deck  below,  and  fast- 
ened with  1-inch  bolts, 

Giinrdeck  plank,  of  yellow  pine,  in  thickness,  when  planed,  41 
inches ;  width  not  to  exceed  8  inches,  to  be  fastened  with  iron  spikes 
and  plugged;  spikes  in  the  beams  to  be  9  inches  long,  and  in  the 
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ledges  8  inches  long.  To  have  two  strakes  next  the  Vater-way  9  inches 
IE  width,  each ;  jogged  over  the  beams  and  ledges  1 J  inches  in  thick- 
ness 6  inches. 

Water-ways,  of  yellow  pine ;  side  edge  5  inches  thick ;  deck  edge  6 
inches  thick ;  of  which  1 }  inches  jog  on  the  beam ;  the  deck  edge  to 
be  chined  in  2  inches ;  the  wood  taken  off  thence  in  a  straight  line  to 
the  thickness  of  the  spirketing,  5  inches. 

The  thick  strakes  to  be  bolted  edgewise  through  the  water- 
ways and  side  of  the  ship,  with  one  1^  bolt  in  each  frame,  if 
practicable. 

Side  edge  of  the  water-way  to  be  fastened  with  f-ineh  bolts. 

Spirieting  to  be  of  white  oak,  5  inches  thick.  The  midships  part, 
when  practicable,  to  be  \\  inches  thicker,  and  jog  that  much  over  the 
timber,  where  the  thickness  will  be  6i  inches,  and  to  be  festened  with 
i-ineh  bolts,  as  in  the  outside  plank. 

Plank-sheer,  of  white  oak,  6  inches  thick;  every  other  timber 
to  come  through;  scarphed  edgewise  and  bolted  into  the  water- 
ways, through  the  spirketing  and  into  the  outside  plank  with 
f-inch  bolts.  Height  of  the  top  of  the  plank-sheer  above  the  deck 
to  be  2  feet. 

Partners  of  fore  and  main  masts  to  be  of  live-oak,  15  indies  in 
breadth,  9  inches  thick,  and  framed  to  admit  wedges  of  3  inches.  To 
be  kneed,  as  well  as  those  on  the  berth  deck,  with  lodge  and  lap  knees, 
sided  6  inches,  fastened  with  J-inch  holts.  Those  of  the  mizaen-mast 
to  be  of  live-oak,  12  inches  in  breadth,  8  inches  thick;  knees  to  be 
sided  5  inches,  bolts  to  be  i  inch. 

Guard  beams*  to  be  of  yellow  pine,  sided  20  mches ;  moulded  26 
inches.  To  be  made  in  two  thicknesses,  the  pieces  coaked  together  and 
secured  with  serew-bolU.  To  be  kneed  with  hangmg  knees  at  each 
end ;  that  is,  two  inside,  sided  8  inches.  The  lodge  knees,  as  the  other 
beams,  all  to  be  fastened  with  screw-bolts,  sided  8  inches. 

Calle  (i.  e.,  riding)  hUt,  to  be  of  live-oak ;  square  at  the  head  18 
inches,  bolts  li  inches. 

Bow^i  bias  to  be  of  live-oah,  14  inches  square  at  the  head,  H- 
inch  bolts. 

Catlieads  of  white  or  live-oak,  sided,  15  inches ;  moulded  17  inches, 
bolls  li  inches. 
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Rudder  to  be  24  inches  in  diameter  at  head,  5  feet  fore  and  aft  at 
the  heel ; ^dia,meter  of  bolts,  li  inches. 

Pintles,  in  number  four;  in  diameter  ii  inches  ;  width  of  straps,'' 
4  J  inches. 

Slern-timbers,  on  each  side  of  the  rudder,  to  be  of  Uve-oah,  and  kept 
asunder  to  clear  the  rudder-head,  sided  10  inches. 

"Where  the  timbers  run  up  in  range  of  the  wheel-houses  they  will 
mould  at  the  head  4J  inches. 

The  plank,  inside  and  out,  to  be  of  ydlow  pine  3  inches  thick,  and 
fastened  with  spikes  5i  inches  long. 

Between  the  thick  strokes  and  the  damps  in  the  hold  there  wiU  be 
trmsea  of  timber  in  a  contrary  direction  to  the  iron  braces,  about  6 
inches  square. 

All  the  through-bolts  of  iron  above  the  water-line  -will  have  nuts 
and  screws  with  washers. 
.     Orlop-deck  (coch-pit)  plank  to  be  of  yellow  pine  2J  inches  thick. 

Orlop-deek  beams  to  be  sided  12  inches,  moulded  9  inches.  Orlop- 
deck  lodge  knees  to  be  sided  6  inches  and  bolted  with  J-inch  bolts. 

Beams  over  the  wheel  beams  to  be  sided  16  inches,  moulded  8 
inches. 

Height  in  the  clear  under  the  beam,  7  feet;  under  the  gun-deck 
beam  to  top  of  berth-deck  plank,  6  feet  9  inches ;  to  top  of  berth-deck 
beams  to  orlop  plank,  5  feet  2  inches. 

To  have  two  (2)  water-tiffht  bulkheads — one  at  the  forward  fire-room 
and  the  other  at  the  after  end  of  the  engine-room. 

All  the  timber  to  be  well  seasoned  and  of  the  very  best  quality. 

United  States  Steamer  "  Susquehanna,  "f 
Hull  designed  by  Mr.  John  Lenthall,  Chief  Naval  Constructor ; 
engines  and  boilers  designed  by  Mr.  C,  W.  Copeland,  Civil  and 
Mechanical  Engineer. 

SuU. 

Length,  C.H.  measurement 257  feet 

"       at  184  feet  draft  of  water 250    " 

«  Or  braces. 

t  This  vbesbI  was  constrocted  of  the  very  best  seasoned  timber,  and  was  considered 
a  Iborongblj  staunch  and  well-built  ship  in  every  reapeot.  For  thia  reason  the  fore- 
going directions  have  been  aeleoted  as  affording  a  good  practical  illustration  in  fhip- 
bailding. 
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Extreme  breadth 45  f(,gt_ 

"  "      overguards 69    " 

Depth  of  hold 26J  " 

"  keel Ij  " 

Displacement  of  hull  at  15^  feet  draft 2745  tons. 

17J       "        3277    " 

19J       "        3824    " 

The  vessel  was  barque-rigged  and  had  a  plain  sail  area  of  21,230 
square  feet. 

Engines. 

Made  by  Murray  i,  Hizlehurat,   of  Baltimore    Md. ;  wore  two 
inclined,  direct-acting  condenoing  engines,  with  inclmed  air-pumps.* 

Diameter  of  cylinders  70  inches. 

Stroke  of  piston...      ^  10  feet 

Space  displacement  of  both  pistons,  per  stroke     534.51  cubic  feet. 

Space  occupied  by  engines,  fore  and  aft  '  49  fecL 

Soiltii  (oiiginally) 

There  were  four  copper  boilers,  with  double  return  ascending  fluea. 

Length  of  each  boilei  15j  feet_ 

Breadth    "       "  ^^      n 

Height     "      "  12J    ■« 

Fire  surface  in  all  tour  boilers  8652  sq.  feet. 

Grate          "          '      "  42      '< 

Height  of  chimney  above  grates  65  feet. 

Weight  of  boilers,aiid  appurtenincei  184  tons. 

Paddle  uheek  (radial,  common  kind) 

Diameter  from  outside  to  outside  31^  feet 
Length  of  paddles  9j    « 

Width      "  (double)  34  inches. 

Area  of  two  paddlea  54  gq.  f^^^ 

Number  of  paddles  m  each  wheel  26. 
Immersion  of  lower  edge  of  paddle  at  18i  feet 

^■^ft 64  inches. 


Hosted  by  Google 


2  SHIP-BUILDINtf. 

Weight  and  Cost  (1847).'    (Laundied  in  1850.) 

HulS  and  equipments 2170  1380,989 

Engines,  etc.,  except  coal 726  324,681 

Armament,  etc 97  4,738 

Coal  in  bunkers 900 

Total 3893        «710,408 


Hosted  by  Google 


VOCABULARY. 


Hosiedb,  Google 


Hosiedb,  Google 


VOCABULARY. 


Alt  Explanation  of  tlie  Terns,  and  of  some  Elementary  Principles, 

Requisite  to  he  Understood  in  tlie  Theory  and 

Practice  of  Naval  Construction. 

Afioat. — Borne  up  by,  or  floating  in,  the  water. 

After-Body.— 'T:\\3.i  part  of  a  sbip'a  body  abaft  the  midahipa  or  deiid-flai. 

This  term  is  more  particular!}'  used  in  exptesaing  the  figure  or  shape  of  that 

part  of  the  ship.  • 

After  Timbers,— A-W  those  timbers  abaft  the  midships  or  dead-plat. 

Air  Fuwneli — A  cavity  framed  between  the  sides  of-  some  timters,  fo  admit 

fresh  air  into  the  ship  and  convey  the  foul  air  out  of  it. 
Amidships.— In  midships,  or  in  the  middle  of  the  ship,  either  with  regard 
to  her  length  or  breadth.     Hence  that  timber  or  frame  which  haa  the  greatest 
breadth  and  capacity  in  the  ship  is  denominated  the  midship  bead. 
AncJior-ldtdnff. —Bliort  pieces  of  plank,  board,  or  plafe  iron  fastened  to  the 
eidea  of  the  ship  to  prevent  the  hUl  of  the  anchor  from  wounding  the  ship's 
side  when  fiebing  the  anchor. 
Anchor  Cltock. — A  chock  bolted  upon  the  gunwale  abaii  the  forsHitifta,  for 

Ihe  bill  of  the  sheeVanchor  to  rest  on. 
To  AncJiW  Stock. — To  work  planks  in  a  manner  resembling  the  stocks  of 
anchors,  by  foshioning  them  in  a  tapering  form  from  the  middle,  and  working 
or  fixing  them  over  each  other,  bo  that  the  broad  or  middle  part  of  one  plank 
shall  he  immediately  above  or  below  the  butts  or  ends  of  two  others.     This 
method,  as  it  ocoaaons  a  great  consumption  of  wood,  is  only  used  where  par- 
ticular strength  is  required,  as  in  the  Spirkbtings  under  ports,  eto. 
An-End.—Ths  position  of  any  mast,  etc.,  when  erected  perpendicularly  on 
the  deck.    The  top-masts  are  said  (o  be  an-bnd  when  they  are  hoisted  up  to 
their  usual  stations.     This  is  also  a  common  phrase  for  expressing  the  driving 
of  anything  in  the  direction  of  its  length,  as  to  force  one  plank,  etc.,  to  meet 
the  butt  of  another. 
Angle  of  Ineiaence.— The  angle  made  with  the  line  of  direction  by  an 
impinging  body  at  the  point  of  impact ;  as  that  formed  By  the  direction  of 
the  wind  upon  the  sails  or  of  the  water  upon  the  rudder  of  a  ship. 
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Jpron..—A  kind  of  false  or  inner  stem,  fayed  on  the  afteide  of  the  stew,  from 
the  head  down  to  ihe  deadwood,  in  order  to  strengthen  it.  It  is  immediately 
above  the  foremost  end  of  the  keel,  and  conforms  exactly  to  the  shape  of  the 
stem,  Ko  that  the  conveniy  of  one  applied  to  the  concavity  ^if  the  other  forma 
one  solid  piece,  which  adds  strength  lo  the  stem  and  more  firmly  connects  it 
with  the  keel. 

Arch  of  the  Cove. — An  elliptical  moulding  sprung  over  the  cove  at  the 
lower  part  of  the  faffrail. 

Ash. — Tiniber  much  used  in  ship-building,  principally  for  ladders,  gratings, 
capstan  bars,  handspikes  and  oars. 

Bach  of  the  J"©**,— The  afler-iace  of  the  Stern-post. 

Backstay  Stool.— A  short  piece  of  broad  plank,  bolted  edgeways  to  tlie 
ship's  side,  in  the  range  of  the  channels,  lo  project  and  for  the  security  of  the 
dead-eyes  and  chains  for  the  backstays.  Sometimes  the  channels  are  left  long 
enough  to  answer  the  purpose. 

Back-Sweep.— See  I^rames. 

Balance  Frames,— T\ione  fi-amm  or  bends  of  timber  of  the  same  capacity 
or  area  which  are  equally  distant  from  the  centre  of  gravity.    See  Fkaiies. 

Salla8t.~-A  quantity  of  iron,  stone  or  gravel,  or  Such  other  like  materials, 
deposited  in  a  ship's  hold  when  she  has  no  cai^o,  or  too  little  to  bring  her 
sufficiently  lowin  the  water.  It  is  used  to  counterbalance  the  efibrtof  llie  wind 
upon  the  sail^  and  give  the  ship  a  proper  stability,  that  she  may  be  enabled  to 
carry  sail  without  danger  of  oversetting. 

ipargue. — A  name  given  to  ships  having  three  masts, without  a  miizen  lop-sail. 

Barrel. — The  m^n  piece  of  a  capstan  or  steering-wheel. 

Battens. — In  general,  liglit  scantlings  of  wood.  In  ship-building,  long  narrow 
laths  of  ash  or  fir,  their  ends  corresponding  and  fitted  into  each  oilier  with 
mortice  and  tenon,  used  in  setting  feir  the  sheer-lines  on  a  ship.  They  are 
painted  black,  in  order  to  be  the  more  conspicuous.  Battens  used  on  the  mould- 
loft  floor  are  narrow  laths,  of  which  some  are  accurately  graduated  and  marked 
with  feet,  inches  and  quarters,  for  setting  off  distances.  Battens  for  gratings 
are  narrow,  thin  laths  of  oak. 

Beains, — The  substantial  pieces  of  timber  which  stretch  across  the  ship  from 
side  to  side,  lo  support  the  decks  and  keep  the  ship  together  by  me.'uja  of  the 
knees,  etc.,  their  ends  being  lodged  on  the  shelf  or  clamps,  keeping  tlie  stip  to 
her  breadth. 

Beam,  Arnl,  or  Fork  Beam  is  a  curved  piece  of  timber,  nearly  of 
the  depth  of  the  beam,  scarphed,  tabled  and  bolted,  for  additional  security  to 
the  sides  of  beams  athwart  lai^e  openings  in  the  decks,  as  the  main  hatchway 
and  the  mast-rooms. 

Breast  Beams  are  those  beams  at  the  fore  part  of  the  quarter-deck  and 
poop  and  aiter  part  of  the  forecastle.  They  are  sided  lai^er  than  the  rest,  aa 
they  have  an  ornamental  rail  in  the  &ont,  formed  from  the  solid,  and  a  rabbet 
one  inch  broader  than  its  depth,  which  must  be  sufficient  to  bury  the  plank  of 
the  deck,  and  one  inch  above  for  a  spurn-water.  To  prevent  splitting  the 
beam  in  the  rablSt,  the  nails  of  the  deck  should  be  crossed,  or  so  placed,  alter- 
nately, as  to  form  a  sort  of  zigzag  line. 

Half  Beams  are  short  beams  introduced  lo  support  the  deck  where  there  is 
no  framing,  as  in  those  places  where  the  beams  are  kept  asunder  by  hatchways, 
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ladder-ways,  etc.  They  are  let  down  on  the  shelf  or  clampa  at  the  side,  and 
near  midships  into  fore  and  aft  carlings.  On  some  decks  they  are  abaft  the 
raizen-mast,  generally  of  yellow  pine  or  fir,  let  into  the  side  tier  of  carlings. 

The  Midship  feani' is  the  longest  beam  of  the  Ehip,lodged  in  the  midship 
frame,  or  between  the  widest  frame  of  timbers. 

Bearding. — The  diminishing  of  the  edge  or  surface  of  a  piece  of  timber,  etc, 
from  a  given  line,  as  on  the  deadwood,  clamps,  plank-sheers,  £fe-rails,  etc. 

SeavAing-Line. — A  curved  line  occasioned  by  beaiding  the  deadwood  to 
the  form  of  the  body ;  the  former  being  sided  sufficiently,  this  litie  is  carried 
high  enough  to  prevent  the  iieels  of  timbers  from  running  to  a  sharp  edge,  and 
forms  a  rabbet  for  the  timbers  to  step  on  ;  hence  it  is  often  called  tlie  Steppino- 

Bed.—Pi.  solid  framing  of  timber,  to  receive  and  to  support  the  muitur  in  a 
bomb  vessel. 

Seech. — Timber  nseS  mainly  for  chocks,  etc. 

JBeetle. — A  lai^e  mallet  used  by  caulkers  for  driving  in  their  reeming-irons  to 
open  the  seams  in  order  for  caulking. 

Belly. — The  inside  or  hollow  part  of  compass  or  curved  timber,  the  outside  of 
which  is  called  the  Back. 

Bell-Top, — A  term  applied  io  the  top  of  a  quarter-gallery  when  the  upper 
Etool  is  holloived  away,  or  made  like  a  rim,  to  give  more  height;  ns'in  the 
quarter-galleries  of  small  vessels,  when  the  sXool  of  the  upper  finishing  comes 
home  to  the  !ude,  to  complete  it  overhead. 

Bend-M^ouldf  in  whole  moulding.  A-  mould  made  to  fi)rm  the  futtocks  in 
the  square  body,  assisted  by  the  iLsing-square  and  floor-hollow. 

Bends. — The  frames  or  ribs  that  form  the  ship's  body  from  the  keel  to  the  top 
of  the  side  at  any  parliealar  station.  They  are  first  put  together  on  the 
ground.  That  at  the  broadest  part  of  the  ship  is  denominated  the  Midship- 
Bend  or  DeAP-FiiAT.    The  forepart  of  the  wales  are  commonly  called  bendi. 

Between^DeeUs. — The  space  contained  between  any  two  decks  of  a  ship. 

B&Vel. — A  well-known  instrument,  composed  of  a  stock  nnd  a  movable  tongue, 
for  taking  of  angles  on  wood,  etc.,  by  shipwrights  called  bbveunos. 

Beveling  Boavct. — A  piece  of  white  pine  board,  on  which  the  bevelings  or 
angles  of  the  timbei's,  etc.,  are  described. 

'Bevelings. — The  windings  or  angles  of  the  timbers,  etc.     A  term  applied  to 
any  deviation  from  a  square  or  right  angle.     Of  bevelings  there  are  two  sorts, 
denominated   Standing  Beodiaga  and    Under  Bevelings.     By  the  former   is 
meant  an  obtuse  angle,  or  that  which  is  witkoui  a  agv/ire  ;  and  by  the  latter  is 
understood  an  acute  angle,  or  that  which  is  within  a  aguore. 
Bilffe.—Tiiat  part  of  a  ship's  floor  on  either  side  of  the  keel  which  has  mora 
of  a  horizontal  than  of  a  perpendicular   direction,  and  on  which  the  ship 
would  rest  if  on  the  ground  ;  or,  more  particularly,  those  projecting  parts  of  the 
bottom  which  are  opporfle  to  the  heads  of  the  floor  timbers  amidships,  on  each 
side  of  the  keel. 
Bilge  Trees,  or  Bilge  Bieces,  or  Bilge  Keels.— The  pieces  of  tim- 
ber festened  under  the  bilge  of  boats  or  other  vessels,  to  Keep  them  upright 
when  on  shore,  or  lo  prevent  their  tailing  to  leeward  when  Bailing. 
B&geways. — A  square  bed  of  timber  placed  under  the  bilge  of  Uie  ship,  to 
support  her  while  launching. 
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Sill-Board.— 'pTojectiom  of  timber  bolted  to  the  side  of  the  ship  and  covered 
with  iron,  for  tlie  bills  of  the  bower  anchors  to  rest  on, 

JBtW-J*(a(e.-~The  lining  of  the  bill-board. 

Bindings,— The  iron  linka  which  surround  the  Dead-ijes. 

Binding  Shakes.— Tvio  slrakes  of  oak  plank,  worked  all  the  wa_v  fore  and 
aft  upon  Uie  beams  of  each  deck,  within  one  Btrakc  of  the  coamings  of  the  miin 
hatchway,  in  order  to  strengthen  the  deck,  as  that  slrake  and  the  midship 
strakes  are  cut  off  by  (he  pamps,  etc. 

Bins. — Large  chests  or  erections  in  store-roomB,  in  which  the  stores  are  de- 
posited. They  are  generally  three  or  four  feet  deep,  and  nearly  of  the  same 
breadth. 

Bitfs.— Square  timbers,  fixed  to  the  beams  vertically,  and  enclosed  by  Uie  flat 
of  tlie  deck.  Topaaii  Sheet  Bilta  me  far  belaying  the  topsail  sheets  to.  Jiidmg 
SiUs,  for  the  cables,  are  covered  with  an  iron  casing. 

Bitt-lPl7l8. — Iron  or  wooden  pins,  passing  through  the  bitt-heads. 

To  Blrth-Up.—k  lerragenerally  need  for  working  up  a  topside  or  bulk-head 
with  board  ot  thin  plank. 

Black-Sti-ake. — A'broad  strake,  which  is  parallel  to  and  worked  upon  the 
upper  edge  of  the  wales,  in  order  to  strengthen  the  ship.  It  derives  its  name 
from  being  payed  witli  pitch,  and  is  the  boundary  for  the  painting  of  the  lop- 
sides.  Shipa  havmg  no  ports  near  tlie  wales  have  generally  two  black- 
strakes. 

Blocks  for  building  the  Ship  upon,  are  tliose  solid  pieces  of  oak  tim- 
ber fixed  under  the  ship's  keel  apon-the  ground-ways. 

£oa»'d.~Tiniber  sawed  to  a  less  thickness  than  plank;  all  broad  stuff  of  or 
under  one  inch  and  a  half  in  thickness. 

Bodies.— T\ie  figure  of  a  ship,  abstractedly  considered,  is  supposed  to  be 
divided  into  different  parts  or  figures,  to  each  of  which  is  given  the  appellation 
of  Body.  Hence  we  have  the  terms  Fore  Body,  Afteb  Body,  Cakt  Bodies 
and  SftUARE  Body.  Thus  the  For&  Body  is  the  figure,  or  imaginary  figure,  of 
that  part  of  the  ship  afore  the  midships  or  dead-flat,  as  seen  from  ahead.  The 
Afia-  Body,  in  like  manner,  is  the  figure  of  that  part  of  the  ship  abaft  the  mid- 
ships or  dead-flat,  as  seen  from  astern.  The  Cant  Bodies  are  distinguished  into 
Fore  and  After,  and  signify  the  figure  of  that  part  of  a  ship's  body  or  timbers 
as  seen  from  rather  side,  which  form  the  shape  forward  and  aft,  and  whose  planea 
make  obtuse  angles  with  the  midship  line  of  the  ship ;  those  in  the  Fore  Cant 
Body  being  inclined  to  the  stem,  as  those  in  the  After  one  are  to  the  stern-post. 
The  Sguare  Body  comprehends  all  the  timbers  whose  areas  or  planes  are  per- 
pendicular to  the  keel  and  square  with  the  njjddleline  of  the  ship,  which  is  all 
that  portion  of  a  ship  b'^ween  the  Cant  Bodies. 

Body-plan. — One  of  the  drawings  of  the  ship,  showing  the  sections  made  by 
a  series  of  vertical  planes  perpendicular  to  the  length  of  the  ship. 

Bolsters. — Pieces  of  oak  timber  fayed  to  the  curvature  of  the  bow  under  the 
hawse-holes,  and  down  upon  the  upper  or  lower  cheek,  to  prevent  the  chain 
cable  from  rubbing  against  the  cheek. 

*Bolster8  for  the  Anchor  lAning  are  solid  pieces  of  oak,  bolted  to  the 
ship's  side  at  the  fore  part  of  the  fore  chains,  on  which  the  stanchions  are  fixed 
that  receive  the  anchor  lining.    The  fore  end  ot  the  bolster  should  extend  two 
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feet  or  more  before  the  lining,  for  the  conrenience  of  the  man  who  standa  there 
to  assist  in  fishing  the  anchor. 

Bolsters  for  Sheets,  Tacks,  etc.,  are  small  piecea  of  ash  or  oak  fayed 
under  the  gonwale,  etc.,  with  the  outer  aur&ce  rounded  to  prevent  tie  sheets 
and  other  rigging  from  chafing. 

jBoife.— Cylindrical  or  square  pins  of  iron  or  copper,  of  variona  forma,  for  fast- 
ening and  securing  the  different  parts  of  the  eliip,  the  gQna,  etc.  The  figure 
of  thoae  for  lastening  the  timbers,  planka,  hooks,  knees,  crutchea  and  other 
articles  of  a  similar  nature  is  cylindrical,  and  their  sizes  are  adapted  to  the 
respective  objects  which  they  are  intended  to  secure.  They  have  round  or 
saucer  heads,  according  to  the  purposes  for  which  they  may  bo  intended ;  and 
the  poinlB  are  fore-locked  or  clinched  on  rings  to  prevent  their  drawing.  Those 
for  bolting  the  frames  or  beama  together  are  generally  square.  Of  holts 
there  are  a  variety  of  different  kinds,  as  Eye-boUs,  SookioUa,  Eing-balla, 
Fixed-holla,  Starting  or  Diift-bolta,  Wrain-boUs,  Esg-bolts,  Clevis-bolts,  Tog- 
gle-bolts,  etc. 

Bottom.~Ai\  that  part  of  a  ship  or  vessel  that  is  below  the  wales.  Hence  we 
use  the  epithet  sMrp-botlomed  for  yei«eU  intended  for  r[Hick  sailing,  and  /ulL- 
boltomed  for  such  as  are  designed  to  carry  large  cargoes. 

Sow, — The  circular  part  of  the  ship  forward,  terminating  at  tJie  rabbet  of  the 

Bows  are  of  different  kinds,  as  the  full  or  bluff  bow,  bell  bow,  straight  bow, 
flare-out  or  clipper  bow,  wave  bow,  water-borne  bow,  tumble-home  haw,  and 
the  parabolic  bow. 

.Braces.— Straps  of  iron,  copper  or  mixed  metal,  secured  with  bolls  and  screws 
in  the  stern-post  and  bottom  planks.  In  their  afler  ends  are  holes  to  receive 
the  pintles  by  which  the  rudder  is  hung. 

Breadtll.~A.  term  more  particularly  applied  to  some  essential  dimensions  of 
the  extent  of  a  ship  or  vessel  athwarlships,  as  the  Bkbadth-Estreme  and 
the  BHEADTH-MonujED,  which  are  two  of  the  principal  dimensions  given  in 
the  building  of  the  ship.  The  Extreme-Breadth  is  the  extent  of  the  midships 
or  dead-flat,  with  the  thickness  of  the  bottom  plank  ineludtd.  The  Breadth- 
Moulded  is  the  same  extent,  without  the  thickness  of  the  plank. 

Breadth-IAne.—A  curved  line  of  the  ship  lengthwise,  in[er=ecling  the  tim- 
bers at  their  respective  broadest  parte. 

Break.— The  sudden  termination  or  rise  in  the  decks  of  some  merchant  ships, 
where  the  aft  and  sometimes  the  fore  part  of  the  deck  is  kept  up  to  give  more 
height  between  decks,  as  likewise  at  the  drifts. 

Breast-Hooka.— L3.rge  pieces*of  compass  timber  fixed  within  and  athwart 
the  bows  of  the  sliip,  of  which  they  are  the  principal  security,  and  through 
which  they  are  well  holled,  Thtre  is  generally  one  between  each  deck,  and 
three  or  four  below  the  lower  deck,  fayed  upon  the  plank.  Thoae  below  are 
placed  square  to  the  shape  of  the  ship  at  their  respective  places.  The  Breast- 
Hooks  that  receive  the  ends  of  the  deck  planks  are  also  called  Deck-Hooks, 
and  are  fayed  close  home  io  the  timbers  in  the  direction  of  the  decks. 

Brig, — A  vessel  with  two  masls,  and  fully  square-rigged. 

BriganUne.—'S\i&  same  as  a  brig,  but  without  a  square  mainsail. 

Brig  (Hermaphrodite).- A  vessel  with  two  masts,  fully  square-rigged  on 
the  foremaat  only. 
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£roken-Sacked  or  Sogged. — The  conditjon  of  a  ship  when  the  flheer 
has  departed  from  the  regular  and  pleasing  curve  with  which  it  was  originally 
bnilt.  This  ie  often  occufioned  by  the  improper  situation  of  llie  centre  of 
gravity,  when  so  posited  as  not  to  counterhaUnce  the  effort  of  the  water  in 
Bustaining  the  ship,  or  by  a  great  strain,  or  from  the  weakness  of  construction. 
The  latler  is  the  most  common  cireumslance,  particularly  in  some  clipper 
ships,  owing  partly  lo  iheir  great  length,  sharpness  of  floor,  or  general  want  of 
strength  in  the  junction  of  the  component  parla. 
Buchlers. — Lids  or  shutters  for  closing  the  hawse-holes,  and  thus  keeping  the 

sea  out.  There  are  generally  grooves  in  them,  to  fit  over  the  chain  cables. 
Sutn-Kin,  or  more  properly  Boom-Kin.— A.  projecting  piece  of 
oak  or  spruce  pine  on  each  bow  of  a  ship,  fejed  down  upon  tjie  false  rail  or 
rail  of  the  head,  with  its  heel  cleated  against  the  knighthead  in  large,  and 
the  bow  in  small  ships.  It  is  secured  outward  by  an  iron  rod  or  rope  lashing, 
which  confines  it  downward  to  the  knee  or  bow,  and  is  used  for  the  purpose  of 
hauling  down  the  tack  of  the  foresail. 
BttrWten..— The  weight  or  measure  that  any  ship  will  carry  or  contain  when 

fit  for  sea. 
Butt. — The  joints  of  the  planks  endwise ;  also  the  opening  between  the  ends 
of  the  planks  when  worked  for  caulking.  Where  caulking  is  not  used,  the 
butts  are  rabbetted,  and  must  fay  close. 
BmWocA;.— That  rounding  part  of  the  body  abaft,  bounded  by  the  fashion- 
pieces,  and  at  the  upper  part  by  the  wing  transom. 
BwttOck-I^ines.—{Oa  the  Sheer  Draught.)  Curves  lengthwise,  r^resenting 
the  ship  as  cut  in  vertical  Heetions,  On  the  haJf-breadth  and  body-plans  they 
are  projected  as  str^glit  lines. 
Caisson. — A  sort  of  floating  tank  or  dam,  having  generally  both  ends  similar 
in  form  to  the  bow  of  a  vessel.  It  ia  used  for  closing  the  entrance  to  a  dry- 
dock,  and  is  usually  fitted  with  steam  pumpa  and  machinery,  by  means  of 
which  it  may  be  sunk  or  raised,  as  required.  The  bow  and  stem  of  the  caiBson 
fit  a  groove  at  the  dock  entrance.  The  orifice  in  the  bottom  of  the  caL-ison, 
by  means  of  which  the  water  is  admitted  and  the  machine  Aunk,  is  called  a 
penstock. 
Ca/mber. — Hollow  or  arching  upward.  The  decks  are  said  to  be  eamhered 
when  tlieif  height  increai^B  toward  the  middle,  from  stem  to  stern,  in  the  direc- 
tion of  the  ship's  length. 
Cainel. — A  machine  for  lifting  ships  over  a  bank  or  shoal,  oripnally  invented 
by  the  celebrated  De  Witt,  for  the  purpose  of  conveying  lai^  vessels  from 
Amsterdam  over  the  Pampus.  Tliey  wer'  introduced  into  Eussia  by  Peter 
the  Great,  who  obtained  the  model  when  he  worked  in  Holland  as  a  eomraon 
shipwright,  atid  were  used  at  St.  Petersburg  for  lifting  ships  of  war  built 
there  over  the  bar  of  the  harbor,  A  camel  isoomposedof  two  separate  parts, 
whose  outsides  are  perpendicular  and  insides  concave,  shaped  so  as  to  embrace 
the  hull  of  a  ship  on  both  sides  Each  part  has  a  small  cabin,  with  sixteen 
pumps  and  ten  plugo,  and  contains  twenty  men.  They  are  braced  to  the 
underpirt  of  the  «hip  by  means  of  cables,  and  entirely  enclose  its  sides  and 
bottom  Being  then  towed  lo  the  bar,  the  plugs  are  opened,  and  the  water 
admitted  until  the  cimel  sinks  with  the  ship  and  runs  aground.  Then,  the 
w  iter  being  pumped  out,  the  cimel  li.'ies,  lifts  ap  the  vessel,  and  the  whole  ia 
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towed  oTer  tbe  bar.    This  machine  can  raise  the  ship  eleven  feel,  ot,  in  other 
worda,  make  it  draw  eieveo  feet  less  water. 
Cant. — A  term  signifying  the  inclinitlion  tliat  anything  has  from,  a  BC[iiare  or 

peipeDtJicular.    Hence  the  shipwrights  saj, 
Canf~Bibb<inds  are  tliose  ribhands  that  do  not  lie  in  a  horizontal  or  level 
direction,  or  square  from  the  middle  line,  but  neail}'  square  ftom  the  timbers, 
as  the  diagonal  ribbands.    See  BntBAKDs. 
Cant-TiTtt^efa  are  those  timbers  afore  and  abaft,  whose  planes  are  not  square 

with,  or  perpendicular  to,  the  middle  line  of  the  ship. 
Caps- — Square  pieces  "of  oa,k  kid  upon  the  upper  blocks  on  which  the  ship  is 
built,  to  receive  the  keel.     They  should  be  of  the  most  freely-grained  oak,  that 
they  may  be  easily  split  out  when  the  false  keel  is  to  be  placed  beneath.    The 
depth  of  them  may  be  a  few  inches  more  than  the  thickness  of  the  false  keel, 
tliat  it  may  be  set  up  close  lo  the  main  keel  by  slices,  etc 
Capstan. — A  mechanical  contrivance  for  raising  the  apchor. 
A  Cap  Scuttle. — A  framing  composed  of  coamings  and  head-ledges,  raised 

above  the  deck,  with  a  flat  or  top  which  shuts  closely  over  into  a  rabbet. 
COifliUff. — Timber  cut  to  a  rectangular  form,  and  above  4J  inches  Ihe  smallest 

way. 
Carlings. — Long  pieces  of  timber,  above  four  inches  square,  which  lie  fore  and 
aft,  in  tiers,  from  beam  to  beam,  into  which  their  ends  are  scored.    They 
receive  thf  ends  of  the  ledges  for  framing  the  decks.    The  carlings  by  the  side 
0^  and  for  the  support  of,  the  mast,  which  receive  the  framing  round  the  mast 
called  tl<e  partners,  are  much  larger  than  the  rest,  and  are  named  the  Mast 
Carlinos.    Besides  these  there  are  others,  as  the  Pomp  Caklisqs,  which  go 
neit  without  the  mast  carlings,  and  between  which  the  pumps  pass  into  tiie 
well ;  and  also  the  fire-hearth  carlings,  that  let  up  under  the  beam  on  which 
the  galley  stands,  with  stanchions  underneath,  and  chocks  upon  it,  fayed  up  to 
the  ledges  for  support. 
Carvel   WorJc—X  terra  applied  to  cutters   and   boats,  signifying   that  the 
seams  of  the  bottom-planking  are  square,  and  made  tight  by  caulking,  as  those 
of  ships.     It  is  opposed  to  the  phrase  cuncher-bdilt,  whicii  see. 
Cathead. — A  piece  of  timber  with  sheaves  in  the  end,  projecting  from  the  bow 
of  a  ship,  for  the  purpose  of  raising  the  anchor  after  the  cable  has  brought  it 
clear  of  the  water.    In  large  ships,  the  cathead  laps  under  a  forecastle  beam, 
the  inner  part  being  called  the  fat-taU.     It  is  strengthened  outside  from  under- 
neath by  a  knee,  called  a  svpporler.     The  cathead  ia  iron-bound,  and  is  braced  . 
with  iron  knees  forward  and  aft. 
Cautlidng. — Fordng  oakum  into  the  seams  and   between   the   butla  of  the 
plank,  etc,  with  iron  instruments,  in  order  (o  prevent  the  water  penetrating 
into  the  ship. 
Cluing  or  Footwaling. — The  inside  planks  of  the  bottom  of  the  ship. 
Centre  of  Buoyancy,  or  Centre  of  Qrftvity  of  IHgplacetnent, 
The  centre  of  (hat  part  of  the  ship's  body  which  is  immersed  in  the  vater,  and 
which  is  also  the  centM  of  the  Terticol  force  that  the  water  exerts  to  support 
the  vessel. 
Centre  of  Effort  of  8aU.~Tia.t  point  !n  the  plane  of  Ae  nib  it  wUch 

the  whole  transverBB  force  ef  the  wiRd  llr  mppoMd  to  be  cdleoted. 
Centre  o/ eravW|r.—Ikat  pebtdMrtvldebdl:  t&»  parte -rf*  body  ^.in 
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any  Blfaation,  exactly  balance  each  other.  Hence,  1.  Tf  a  body  be  suspended 
by  this  point  as  the  centre  of  motion,  it  will  remain  at  rest  in  any  position 
indifferently.  2.  If  a  body  be  suspended  in  any  olJier  point,  it  can  rest  only 
in  two  positions,  viz ;  when  the  centre  of  b'ravily  is  eiactiy  above  or  below  the 
point  of  suapension.  3.  When  the  centre  of  gravity  is  supported,  the  whole 
body  is  kept  from  falling.  4,  Because  this  point  haa  a  constant  tendency  to 
descend  to  the  centre  of  the  earth  ;  therefore,  5.  When  the  point  is  at  liberty 
to  descend,  the  whole  body  must  also  descend,  eitiiec  by  sliding,  roiling  or 
tumbling  over. 

Centre  of  Lateral  Resistance.— The  centre  of 'resislance  of  tie  water 
against  the  side  of  a  vessel  in  a  direction  perpendicular  to  her  length. 

Centre  of  MoUon.—TitU  point  of  a  body  whicli  remains  at  rest  whilst  all 
the  other  parts  are  in  motion  about  it ;  and  this  is  the  same  in  bodies  of  one 
uniform  density  throughout,  as  the  centre  of  gravity. 

Centre  of  Oscillation.— Thtit  point  in  the  axis  or  line  of  suspension  of  a 
vibrating  body,  or  syltem  of  bodies,  in  whicii,  if  the  whole  matter  or  weight  be 
collected,  the  vibrations  will  still  be  performed  in  tlie  same  lime,  and  with  the 
same  angular  velocity,  as  before. 

Centre  of  Fercussion,  in  a  moving  body,  is  that  point  where  the  percussion 
or  stroke  is  the  greatest,  and  in  which  tlie  whole  percutient  force  of  the  body  is 
supposed  to  be  collected.  Pbecussion  is  the  impcession  a  body  makes  in  fall- 
ing or  striking  upon  another,  or  the  shock  of  bodies  in  motion  striking  against 
each  other.  It  is  either  direct  or  oblique  ;  direct  when  the  impulse  is  given  in 
a  line  perpendicular  to  the  point  of  contact,  and  obligue  when  it  is  given  in  a 
line  oblique  to  tlie  point  of  contact 

Centre  of  Resistance  to  a  J*'iM/(i.— That  point  in  a  plane  to  which,  if  a 
contrary  force  be  applied,  it  sjiali  just  sustain  the  resistance. 

Cluiinor  CA«ins.— Thelinksof  iron  which  are  connected  to  the  binding  that 
surrounds  the  dead-eyes  of  the  channels.  They  are  secured  to  the  ship's  side  by 
a  bolt  through  the  toe-link,  called  a  cAatn-6o^ 

Chain-Bolt. — A  large  bolt  to  secure  the  chains  of  the  dead-eyes,  for  the  pur- 
pose of  securing  the  masts  by  the  shrouds. 

Cft«in-J*ia(es.— Thick  iron  plates,  sometimes  used,  which  are  bolted  to  the 
ship's  sides,  instead  of  cliains  to  the  dead-eyes,  as  above. 

Cferam/eHnflT.— Taking  off  the  sharp  edge  from  timber  or  plank,  or  cutting  the 
edge  or  end  of  anything  bevel  or  aslope. 

Cft«MMcto.— The  broad  projection  or  assemblage  of  planks  &yed  and  boiled  to 
the  ship's  sides,  for  the  purpose  of  spreading  the  shrouds  with  a  greatei*  angle  • 
h)  the  dead-eyes.  They  should  therefore  be  placed  either  above  or  below  the 
npper  deck  ports,  as  may  be  most  convenient.  But  it  is  to  he  observed,  that  if 
placed  too  high,  they  strain  the,  sides  too  much,  and  if  placed  too  low,  the 
shrouds  cannot  be  made  to  clear  the  ports  without  difficulty.  Their  disposition 
win  therefore  depend  upon  that  particular  which  will  produce  the  greatest 
advantage.  They  should  fay  to  the  sides  only  where  the  holts  come  through, 
having  an  open  space  of  about  two  inches  in  the  rest  of  their  length,  to  admit 
a  free  current  of  air,  and  a  {tassage  for  wet  and  dirt,  in  order  to  prevent  the 
sides  from  rotting. 

Channel  Wales. — Three  or  four  thick  strakea  worked  between  the  upper  and  ■ 
lower  deck  ports  in  two-decked  ships,  and  between  the  npper  and  middle  deck 
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ports  in  three-deoTied  ebipa,  for  the  purpose  of  atrengtliening  the  topside.  They 
should  be  placed  in  the  hest  manner  for  receiving  the  chain  and  preventer 
bolts,  the  tksteninga  of  the  deck-knees,  etc. 

Cheeks, — Knees  of  oak  timber,  ivhidi  support  the  knee  of  the  head,  and  which 
they  also  ornament  by  their  shape  and  mouldings.  They  form  the  basis  of 
the  bead,  and  connect  the  whole  to  the  bows,  through  which  and  the  knee  they 
are  bolted. 

*Chestree9. — Pieces  of  oak  timber,  ftiyed  and  bolted  to  the  topsides,  one  on  each 
side,  abaft  the  fore-channels,  with  a  sheave  fitted  in  the  upper  part  for  the  con- 
venience of  hauling  home  the  main  tack. 

Chine. — That  part  of  the  waterways  which  is  left  the  thickest,  and  above  the 
deck-plank.  It  is  bearded  back,  that  the  lower  seam  of  llie  spirketing  may 
be  more  conveniently  caulked,  and  is  gouged  hollow  in  front,  fo  form  a  water- 

To  Chinae. — To  caulk  slightly,  with  a  knife  or  chisel,  those  seams  or  openings 
that  will  not  bear  the  force  required  for  caulking  in  a  more  thorough  manner. 

Clamps, — Those  substantial  strakes  worked  within  the  ship,  and  upon  which 
the  ends  of  the  beams  are  placed  when  there  la  no  shelf. 

Clean. — A  term  generally  used  to  express  the  aeulenessor  sharpness  of  a  ship's 
body ;  as  when  a  ship  is  formed  very  acute  or  sliarp  forward,  and  the  same  aft, 
she  is  said  \a  be  cierai  both  forward  and  aft. 

'^Clincher-BuUt,—X  term  applied  to  the  construction  of  some  vessels  and 
boats,  when  the  planks  of  the  bottom  are  so  disposed  that  the  lower  edge  of 
every  plank  overlays  the  next  under  it,  and  the  fastenings  go  through  and 
clinch  or  turn  upon  the  timbers.     It  is  opposed  to  the  term  cahvel-wohk. 

Clinching  or  Clenching, — Spreading  the  point  of  a  bolt  opon  a  ring, 
etc.,  by  beating  it  with  a  hammer,  in  order  to  prevent  ita  drawing.  (Same  as 
Riveting.) 

Cooking  or  Coaging, — Sometimes  called  doweling.  The  placing  of  pieces 
of  hard  wood,  either  circular  or  square,  in  the  edges  or  surfaces  of  any  pieces 
that  are  to  be  united  together,  to  prevent  their  working  or  sliding  over  each  other. 

CoOfmings. — The  raised  borders  of  oak  about  the  edge  of  the  hatches  and 
scuttles,  which  prevent  water  from  flowing  down  from  off  the  deck.  Their 
inside  upper  edge  has  a  rabbet  to  receive  the  gratings. 

Coeh-Pit  or  Orlop. — Half  decks  forward  and  aft,  below  the  berth-deck. 

Comptmion. — In  ships  of  war,  the  framing  and  sash-lights  upon  the  quarter- 
deck or  poop,  through  which  tlie  light  passes  to  the  commander's  apartments. 
Id  merchant  ships  it  is  the  birthing  or  hood  round  the  ladder-way,  leading  to 
the  master's  cabin,  and  in  small  ships  is  chiefly  for  the  purpose  of  keeping  the 
sea  from  healing  down. 

Compass  Timber.— Axiy  timber  curved  in  shape. 

Compressor, — An  iron  lever  (bent),  having  one  end  secured  to  the  beam 
nearest  the  chain  pipes  in  (he  deck  by  a  bolt,  round  which  it  is  made  to  turn. 
Its  use  is  to  check  the  cable  when  running  out. 

Conversion, — The  art  of  cutting  and  moulding  timber,  plank,  etc.,  with  the 

least  possible  waste. 
Coping, — Turning  the  ends  of  iron  lod^ng-knees  so  as  they  may  hook  into  Ihe 
beams. 

•  ObBolet*.  t  Or  ciinkor-built. 
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Corvette.— A.  flush-decked  vesKel,  ship-rigged,  with  a  uniform  battery  fore  and 
aft 

Cimnter.—K  part  of  the  stern— the  Loisei-  Cmatter  being  that  arched  part  of 
theetetn  immediately  above  the  wing- transom.  Above  the  lower  counter  is 
the  Semtd  Counter,  the  upper  part  of  which  is  the  under  part  of  the  lights  or 
windows.  The  counters  are  parted  by  their  rails,  as  the  lower  coimtet  fprings 
from  the  tuck-rail,  and  is  terminated  on  the  upper  part  by  tlie  lower  connter- 
rail.  From  the  upper  part  of  the  latter  springe  the  upper  or  second  lounter, 
its  upper, part  terminating  in  the  upper  counter-rail,  which  is  immidialely 
under  the  lights. 

Counter-aunic—lh^  hollows  in  iron  plates,  etc.,  which  are  excavated  by  an 
instrument  called  a  counter-sunk  bill,  to  receive  the  heads  of  screws  or  nails, 
so  tliat  they  may  be  flush  or  even  with  the  surface. 

Counter  ISmftcrs.— Theright-.-ifttimberswhiehformtheslem.  Thelongest 
run  up  and  form  the  lights,  while  the  shorter  only  run  up  to  the  under  part  of 
tliem,  and  help  lo  strengthen  the  counter.  The  side  counter  timbers  are  mostly 
formed  of  two  pieces,  scarphed  together  in  consec[uence  of  their  peculiar  shape, 
as  they  not  only  form  the  right-aft  figure  of  [he  stern,  but  partake  of  the  shape 
of  the  topside  also. 

Core— The  arch-moulding  sunk  in  at  the  foot  or  lower  part  of  the  taffrail. 

€!rab.—A  sort  of  liltJe  cajwtan,  formed  of  a  kind  of  wooden  pillar,  whose  lower 
end  works  in  a  socket,  whilst  the  middle  traverses  or  turns  round  in  partners, 
which  clip  it  in  a  circle.  In  its  upper  end  are  two  holes  to  receive  bars,  which 
act  as  levers,  and  by  which  it  is  turned  round,  and  serves  as  a  capstan  for  rais- 
ing weights,  etc.  By  a  machine  of  this  kind,  so  simple  in  its  construction, 
may  be  hove  up  the  frame  timbers,  etc.,  of  vessels  when  building.  For  this 
purpose  it  is  placed  between  two  floor  timbers,  while  the  partners  which  clip  it 
in  the  middle  may  be  of  four  or  Sve-inch  plank,  fastened  on  the  Fame  floors. 
A  block  is  fastened  beneath  in  the  slip,  with  a  central  hole  for  its  lower  end  lo 
work  in.  Besides  the  crab  here  described,  there  is  another  sort,  which  is 
shorter  and  portable.  The  latter  is  fitted  in  a  frame  composed  of  cheeks, 
across  which  are  the  partners,  and  at  the  bottom  a  little  platform  to  receive  the 

Cradle.— X  strong  frame  of  limber,  etc.,  placed  under  the  bottom  of  a  ship  in 
order  lo  conduct  her  steadUy  in  her  ways  till  she  is  safely  launched  into  water 
sufficient  to  float  her. 

Cradle  Bolts.— Large  ring-bolts  in  the  ship's  side,  on  a  line  with  and  between 
the  toe-linka  of  the  chMn  plates. 

Cranh, — A  term  applied  to  ships  built  too  deep  in  proportion  to  their  breadth, 
and  from  which  they  are  in  danger  of  oversetting. 

Croaley, — A  term  applied  to  plank  when  it  curves  or  compasses  much  in  short 
lengths. 

Crbss  ^pa^te.—Deals  or  fir  plank  nailed  in  a  temporary  manner  lo  the  Irames 
of  the  ship  at  a  certain  height,  and  by  which  the  frames  are  kept  tu  their  proper 
breadths  until  the  deck-kiteee  are  fastened.  The  main  and  top  timber  breadths 
are  the  heights  mostly  taken  for  spalling  the  frames,  but  the  height  of  the 
ports  is  much  better;  yet  this  may  be  thought  loo  high  if  the  ship  is  long  in 
building. 

Clutches  or  Clutcliefi.—'riif  crooked  timbers  fayed  and  bolted  upon  the 
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footwaling  abaft,  for  tlie  securitv  of  the  heels  of  the  Iialf-timbera.     Ala'o,  stan- 
chions of  iron  or  wood,  w  9  pe    p    ts  ked  ra,        p 
taasls,  yards,  elo. 

Cup.—A  Bolid  piece  of  ca  into  tep        h    cap  la         d  U    U 

the  iron  spindle  at  the  hee  pate 

Cuppy. — A  defect  in  timbe  rt  h    rt  wp       ed      m 

the    outside.     Frosts  or     gh  m  se  in  fi  h 

Beparale. 

Cutter, — Properly,  a  sraa        oop      g  d  rt       b 

are  also  termed  cutters,  hfi  codhdd  rs 

CtUtlng-Doivn  ,Xi»e.— The  elliptical  curve  line  forming  the  upper  aide  of 
the  floor  timbers  at  the  middle  line.  Also  the  line  that  forms  the  upper  part 
of  the  knee  of  the  head,  above  the  cheeks.  The  cutting-down  line  i^  represented 
as  limiting  the  depth  of  everj  floor  timber  at  the  middle  line,  and  also  the 
height  of  the  upper  part  of  the  dead  wood  afore  and  abaft. 

Dagger.— A.  piece  of  timber  that  fiiccs  on  to  the  poppets  of  the  bilgewajs,  and 
crossea  them  diagonally,  to  keep  them  together.  The  plunk  that  setnies  llie 
heads  of  the  poppets  is  called  the  dagger  plank.  The  word  dagger  seems  to 
apply  to  anything  that  stands  diagonally  or  aslant. 

Dagger-Knees.— Kneea  lo  supply  the  place  of  hanginir  knees.  Their  siiJe- 
arms  are  brought  up  aslant,  or  nearly  to  the  underside  of  the  beams  adjoining. 
They  are  chiefly  used  to  the  lower  deck-beams  of  merchant  ships,  in  order  to 
preserve  as  much  stowage  in  the  hold  a^  possible.  Any  straight  hanging 
knees,  not  perpendicular  to  the  wde  of  the  beam,  are  in  general  termed  dagger- 

Davlts.—P'ieces  of  timber  or  iron  projecting  over  the  side  of  the  ship  or  the 
stern,  for  the  purpose  of  raising  the  waist,  quarter  or  stern  boats.  Fiah  Davits. 
are  booms,  goose-neck^  to  the  foremast,  and  used  for  fishing  the  anchor. 

Dead-Efjes. — Pieces  of  oak  or  elm,  of  a  round  shape,  used  tor  reeving  the 
lanyards  of  standing  rising, 

Dead-Flat.^A.  name  given  to  that  limber  or  frame  which  has  the  greatest 
.  breadth  and  capacity  in  the  ship,  and  which  is  generally  called  the  midahip 
bend.  In  those  ships  where  there  are  several  framesor  timbers  of  equal  breadth 
or  capacity,  Ihat  which  is  in  the  middle  should  be  always  considered  as  dead- 
Jla(,  and  distinguished  as  such  by  this  character,  M-  The  timbers  before  the 
dead-flat  are  marked  A,  B,  C,  etc,  in  order,  and  those  abaft  the  dead-flat  by 
the  flgures  1,  2,  3,  etc. 

Dead-Rising,  or  Rising  Ume  of  the  Fioo*-.— Those  parts  of  the 
floor  or  bottom,  throughout  the  ship's  length,  where  the  sweep  or  curve  at  the 
head  of  the  floor-timber  is  terminated  or  inflects  to  join  the  keel.  Hence, 
although  the  risingof  the  floor  at  the  midship-flat  isbutafew  inches  above  the 
keel  at  that  place,  its  height  forward  and  aft  increases  according  lo  the  sharp- 
nesaofformin  the  body.  Therefore  the  rising  of  the  floor  in  the  eieerjiian  ia 
a  curved  line  drawn  at  the  height  of  the  ends  of  the  floor-timbere,  and  limited 
at  the  main  tramp,  or  dead-flat,  by  the  dead-rising — appearing  in  Sat  ships 
nearly  parallel  to  the  keel  for  some  timbers  afore  and  abaft  the  midship  frame; 
for  which  reason  these  timbers  are  called  3o.ts;  but  in  sharp  shipe  it  lina 
gradually  from  the  ftidn  frame,  and  ends  on  the  stem  and  post. 
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Dea^Water, — The  eddy  water  wliicli  the  sliip  draws  nfter  her  at  her  sent  or 
line  of  flotation  in  the  water,  particularly  cloa^  aft.  To  this  particular  great 
attention  should  be  paid  in  th^  construction  of  a  TCKael.e'tpeci.tlly  in  those  with 
square  tucka,  for  such,  being  carried  too  low  in  the  water,  will  be  attended  with 
great  eddies  or  much  dead-water.  Vessels  with  a  round  buttock  have  but  little 
or  no  dead-water,  because  by  the  rounding  or  arching  of  such  vef?sels  abaft  the 
water  more  easily  recovers  its  state  of  rest. 
Deadwood, — That  part  of  the  basis  of  a  ship's  body,  forwiird  and  aft^ 
which  is  formed  by  solid  pieces  of  timber  scarphed  together  lengthwise  on  the 
keel.  These  shonld  be  sufficiently  broad  to  admit  of  a  stepping  oi'  rabbet  for 
the  heels  of  the  limbers,  that  the  latter  may  not  be  continued  downward  lo 
sharp  edges  ;  and  they  Klionid  be  sufficiently  high  to  seat  the  floors.  Afore  and 
"  abaft  the  floors  tlie  deadwood  is  continued  to  the  cutting-down  line,  for  tlia 

purpose  of  securing  the  iieels  of  the  eant-timbers. 
Deal. — Fir,  similar  to  plank. 

Depth  in  the  Hold. — The  height  between  the  floor  and  the  lower  deck. 
This  is  one  of  tlie  principal  dimensions  given  for  the  construction  of  a  ship. 
It  varies  according  to  the  height  at  which  the  guns  are  required  t«  be  carried 
from  the  water,  or  according  to  the  trade  for  which  a  vessel  is  designed. 
Depth  at  the  Side. — A  terra  used  to  denote  the  height  of  tlie  rail  in  plan, 
or  roughtree  rail  above  the  bottom  of  the  false  keel.     The  entire  elevation  of 
the  ship  on  the  sheer-plan. 
Diagonal  Line. — A  line  cutting  the  body-plan  diagonally  from  the  timbers 
to  the  middle  line.    It  is  square  with,  or  perpendicular  to,  the  shape  of  ihe 
timbers,  or  nearly  so,  till  it  meets  the  middle  line. 
Diagonal  Mibband, — A  narrow  plank,  made  to  a  tine  formed  on  the  half- 
breadth  plan,  by  taking  tlie  Intersections  of  the  diagonal  line  with  the  timbers 
in  the  Ixidy-plan  to  where  it  cots  the  middle  line  in  its  direction,  and  applying 
it  to  their  respective  stations  on  the  half-breadth  plan,  which  forms  a  curve,  to 
which  the  ribband  is  made  as  £ir  a^  the  canl-body  eslends,  and  tiie  square 
frame  ac^oining. 
Di^tacement^ — The  volume  of  water  displaced  by  the  immersed  body  of  the 
ship,  and  always  exactly  equal  to  the  weight  of  the  body.    The  light  dinplace- 
ment  is  the  weight  of  the  hull  only,  white  the  load  displacecnenl  is  the  weight 
of  the  hull  and  all  it  contains. 
Di^OSUi^n. — A  drawing  representing  the  limbers  that  compose  the  frajpe, 

so  that  they  may  he  properly  dbposed  with  respect  to  the  potts,  etc. 
Dog,— An  iron  implement  used  by  shipwrights,  having  a  fang  at  one,  or  some- 
times at  each  end,  to  be  driven  into  any  piece,  for  supporting  it  while  hewing, 
etc     Another  sort  has  a  fang  in  one  end  and  an  eye  in  the  other,  in  which  a 
rope  may  be  fastened,  and  used  lo  haul  anything  along. 
Dog-Shore. — A  shore  particularly  uaed  in  launching. 

Doubling. — Planking  of  ships'  bottoms  twice.    It  is  sometimes  done  to  new 
ships  when  the  original  planking  is  thought  to  be  loo  thin  ;  and  in  repnirs  it 
strengthens  the  ship,  without  driving  out  the  former  fastenings. 
Dove-Tail. — To  join  two  pieces  together  with  a  score  and  notch— the  score 

resembling  a  dove's  tail. 
Dove-TaU  Plate, — Metal  plates,  formed  like  dove-tails,  for  uniting  together 
the  keel  and  stern-post. 
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Draught. — Tlie  clrawing  or  design  of  the  ship  upon  pnper,  describing  the 
diflerent  parls,  and  from  whioh  (he  ship  is  lo  be  buUt.  It  is  usually  drawn  hj 
a  scale  of  one-quarter  of  an  incli  to  a  foot,  so  divided  or  graduated  tliat  the 
dimensions  may  be  lalien  to  one  incli.  It  is  divided  into  liiiee  parts,  known 
as  tlie  slieer,  body  and  lialf-breadtli  plans. 

Draft  of   Water.— Th^   depth    of   water   a  ship  displaces    when   she   ia 

I>rai7.— Escess  of  draft  of  water  ait  over  that  forward,  or  the  reverse. 

Driver.— 'Y\ie  foremost  spur  on  the  bilgeways,  the  heel  of  wiiicii  ie  fayed  to  the 
foreside  of  the  foremost  poppet,  and  eleated  on  the  bilgeways,  and  the  sides  of 
which  stand  fore  and  aft.     It  is  now  seldoin  used. 

2>l*M»*Ae«(i.— The  head  of  a  capstan,  formed  of  semi-circular  pieces  of  elm, 
whicli,  framed  together,  form,  the  circle  into  which  the  capstan-bars  are  fixed. 

Druxey, — A  stale  of  decay  in  timber,  with  white  spongy  veins — the  most 
deceptive  of  any  defect. 

Edging  of  Pfotn-fc.-— Sawing  or  hewing  it  narrower. 

Ekeing. — Making  good  a.  deficiency  in  the  length  of  any  piece  by  scarphing  or 
butting,  as  at  the  end  of  deck-liooka,  cheeks  or  knees.  The  elceing  at  the  lower 
part  of  the  slipperier  under  the  cathead  is  only  to  continue  the  shape  and 
fashion  of  that  part,  being  of  no  other  service;  and  if  the  supporter  were  stopped 
short  without  an  ekeing,  it  would  be  the  better,  as  it  causes  the  side  to  rot,  and 
commonly  appears  fair  to  the  eye  in  but  one  direction.  The  ekeino  ia  also 
the  piece  of  carved  work  under  the  lower  part  of  the  quarter-piece  at  tlie  after 
part  of  the  quarter-gallery.  • 

Elevation. — The  orthographic  draught,  or  perpendicular  plan,  of  a  ship, 
whereon  the  heights  and  lengths  are  expressed.  It  is,called  by  ahipwrighia 
the  Shbeb-Drauqht. 

Entranee, — A  term  applied  to  the  fOre  part  of  the  ship  under  the  load  water- 
line,  as,  "  She  bait  a  fine  entrance,"  etc. 

Even  Keel. — A  ship  is  said  to  swim  on  an  even  keel  when  she  draws  the  same 
quantity  of  water  abaft  as  forward. 

Facing. — Setting  one  piece,  about  an  inch  in  thickness,  on  to  another,  in  order 
to  strengthen  it. 

Fair. — A  term  to  denote  the  evenness  or  regularity  of  a  curve  or  line. 

FtUlinff  Soitie,  or,  by  some,  Tambling  Home.— The  inclination 
wliich  the  topside  has  within  from  a  perpendicular. 

False  Keel.— A  second  keel,  composed  of  white  oak  or  elm  plank,  or  tiiick- 
stuff)  fastened  in  a  slight  manner  under  the  main  keel,  to  prevent  it  from  being 
rubbed.  Its  advanlages  also  are,  thai  if  the  ship  siiould  strike  the  ground,  the 
false  keel  will  give  way,  and  thus  the  main  keel  will  be  saved  ;  and  it  will  be 
the  meaJiB  of  causing  the  ship  to  liold  tlie  wind  better. 

False  Posi.— A  piece  tabled  on  to  the  after  part  of  the  heel  of  the  main  part 
of  the  atern-post.  It  is  lo  assiat  the  converaion  and  preserve  the  main  post, 
should  the  ship  tail  aground. 

False  SaH. — A  rail  fayed  down  upon  the  upper  side  of  the  main  or  upper 
rail  of  the  head,  Ilis  to  strengthen  the  head-rail,  and  forms  the  seat  of  ease  at 
the  after  end  next  the  bow.  ■ 

Fashion  Pieces.— The  timbers  ao  called  from  their  fashioning  the  after  part 
of  the  ship  in  the  plane  of  projection,  by  terminating  the  breadth  and  forming 
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theshnpeoftlie  stern.  Tliey  are  united  lo  the  enikof  the  Iransoms  and  to  the 
deadwwid. 

To  J-Tfj/.— To  join  one  piece  so  close  to  another  lliat  there  shall  he  no  percep- 
tible Kpace  between  tliem. 

Fife-llail. — Tlie  rails  around  the  several  masts,  for  the  running  rigging  to 
behiv  to. 

FHUng-TlniberH.—TUe  inlermediale  timbera  ketween  the  frames  tliat  are 
gotten  up  inlu  their  places  singly,  after  the  frames  are  ribbanded  and  shoreii. 

Fire-Heai-th.—llw  platform  on  which  the  galley  stands.  The  convenieiices 
in  the  galley  for  cooking,  as  the  grate,  oven  and  coppers  (boilers),  were  for- 
merly termed  the  fire-hearth. 

-f7arinff.— The  reverse  of  Falling  or  I'ambling  Some.  As  thin  can  be  only 
in  the  furepart  of  the  ship,  it  in  said  that  a  ship  has  a  fiaring  bow  when  the 
topside  falls  outward  from  a  perpendicular.  Its  uses  are  to  shorten  the  cathead 
and  yet  keep  the  anchor  clear  of  the  bow.  It  also  prevents  the  sea  from 
breaking  in  upon  the  forecastle. 

Flats. — A  name  given  lo  Ihe  timbers  amidships  that  have  no  bevelinga,  and 
are  similar  (o  dead-flal,  which  is  distinguished  by  this  character  SE.    See  Deaiv 

JFlOOr.—The  bottom  of  a  ship,  or  all  that  part  on  each  side  of  the  keel  which 
approaches  nearer  lo  a  horizontal  than  a  perpendicular  direction,  and  Whereon 
the  ship  rests  when  aground. 

Floors,  or  Floor  aVmftws.— The  timbers  thatarefixed  athwart  the  keel, 
and  lipon  which  the  whole  frame  is  erected.  They  generally  extend  as  far 
forward  as  Ihe  foremast,  and  aa  far  aft  as  the  after  square  timber,  and  sometimes 
one  or  two  cant-floors  are  added. 

Flush.— With  a  continued  even  surfjee,  as  a  flush  deck'  which  is  a  dech 
upon  one  continued  line,  without  interruption,  from  fore  to  aft. 

Fore  Body.— That  part  of  the  ship's  body  afore  the  midships  or  dead-flat. 
See  Bodies.  This  (erm  is  more  particularly  used  in  expressing  the  figure  or 
^lape  ai  that  part  of  the  ship. 

Fore-Foot.— The  foremost  piece  of  the  keel. 

Foreiock.—X  thin  circular  wedge  of  iron,  used  lo  retain  a  bolt  in  its  place,  by 
being  tlirust  through  a  mortise  hole  at  the  point  of  the  bolt.  It  is  sometimes 
turned  or  twisted  round  the  bolt  to  prevent  its  drawing. 

Fore-Feek. — Close  forward  under  the  lower  deck. 

Frames. — The  bends  of  timber  which  form  thebody  of  the  ship,  each  of  which 
is  composed  of  a-ae  pMr-iiiaber,  two  or  three  fatloeks,  and  a  top-limbo-  on  each 
side,  which,  being  united  l(^ther,  form  Ihe  frame.  OE  these  frames  or  benda 
that  whicli  encloses  the  greatest  apace  is  called  the  midekip  or  main  frame  or 
bend.  The  arms  of  the  floor  timber  form  a  very  obtuse  angle,  and  in  the  other 
frames  this  angle  decreases  or  gradually  becomes  sharper,  fore  and  aft,  with  the 
middle  line  of  the  ship.  Those  floors  which  form  the  acut«  angles  afore  and 
abaft  are  called  ihe  Bising  Floors,  A  frame  of  timbers  is  commonly  formed  by 
arches  of  circles,  called  Sioeeps,  of  which  there  are  generally  five.  IsL  The 
Fhor  Smeep,  which  is  limited  by  a  line  in  the  body-plan  perpendicular  tf>  the 
plane  of  elevation,  a  little  above  the  keel ;  and  the  height  of  Ihia  line  above  the 
keel  is  called  the  Dtad  Rising.  The  upper  part  of  this  arch  forms  the  head  of 
the  floor  timber.     2d.  The  i«wer£rrarf(ASii«ep,  the  centre  of  which  is  in  the 
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line,  representing  the  lower  height  of  bi^eadth.  3d.  The  EecancUing  Siceep. 
This  sweep  joins  the  two  fc)rmer,  witlioiit  intersecting  eitlier,  and  makes  a  fair 
curve  frocn  the  lower  heiglit  of  breadcii  to  the  rising  line.  If  a  straiglit  line 
be  drawn  from  (Jie  upper  edge  of  the  keei  to  touch  tlie  back  of  [lie  floor  sweep, 
tlie  form  of  the  inideliip  frame  below  the  lower  height  of  breadih  will  be 
obtained.  -  4th.  Tlie  Upper  Breadth  Sweep,  the  centre  of  which  is  in  tlie  line 
representing  the  upper  height  of  breadth  of  the  timber.  Thin  sweep  described 
upward  forms  tlie  lower  part  of  the  top-limber,  olh.  The  Tup-TiiiJyer  Sioef), 
or  Boat  Sitieep,  is  that  which  forms  the  hollow  of  the  top-timber.  This  hollow  is, 
however,  veiy  often  formed  by  a  mould,  so  placed  as  to  touch  the  upper  breadth- 
sweep,  and  pasa  throngh  the  point  limiting  tlie  halfjjreadth  of  the  twp-timber. 

Frame  Tiinberg.— The  various  timbers  that  eompoae  a.  frame  bend,  as  the 
floor  timber,  the  first,  second,  third  and  fuurth  futtocks,  and  top-timber,  which 
ire  united  by  aproper  shift  to  each  other,  and  bolted  through  each  sliift.  They 
are  often  kept  open  for  the  advantige  of  the  air,  and  fillinga  fayed  between 
them  ill  wake  of  the  bolts.  Some  ships  are  composed  of  frames  only,  and  are 
supposed  to  be  of  eqnal  strengtli  with  oliiers  of  lai^er  scantling. 

Futtocks. — Tlie  separate  pieces  of  tinjber  of  which  tlie  frame  timbers  are  com- 
•  posed.  They  are  named  aceoWing  to  their  situation,  that  nearest  the  keel 
being  called  the  first  futtock,  the  next  above  the  second  futlock,  ele. 

GuUiot. — A  Dutch  craft,  with  a  full  bow  and  lofty,  round  stem. 

Oarboara  StJ-afte.— That  strake  of  the  bottom  which  is  wrought  next  the 
keel,  and  rabbels  therein. 

Ooose-lfeck. — An  iron  hinged  bol(,  with  strap  to  clasp  it,  used  on  the  spanker, 
lower  and  fiah  booms.    The  bolt  forelocks  below  a  sort  of  gudgeon . 

Grain- Cm(.— Cut  across  the  grain. 

GfOtinffS. — Lattice  coverings  for  the  hatchways  and  scuttles. 

Gripe. — A  piece  of  white  oak  or  elm  timber  that  completes  tlie  lower  part  of 
tlie  knee  of  the  head,  and  makes  a  finish  with  tlie  fore-foot.  It  bolts  (o  the 
stem,  and  is  Cirther  secured  by  two  plates  of  copper  in  the  form  of  a  horse-shoe, 
and  therefrom  called  by  that  name. 

Groundwaya. — Large  pieces  of  timber,  generally  defective,  which  are  laid 
upon  piles  driven  in  the  ground,  across  the  dock  or  slip,  in  order  to  make  a 
good  foundulion  to  lay  the  blocks  on,  upon  which  the  ship  is  to  rest. 

Gudgeons. — The  hinges  upon  which  the  rudder  turns.  Those  fastened  to  the 
ship  are  adled  braces,  while  those  fastened  to  the  rudder  are  called  pintles. 

Gm» Miaie.— That  horizontal  plank  which  covers  the  heads  of  the  timbers 
between  the  main  and  fore  drifts. 

Half-Breadth  Flan.— A  ship-drawing,  siiowirfg  a  series  of  longitudinal 

Salf-Xintbers.—The  abort  tinibei-s  in  the  cant  bodies  which  are  answerable 

Co  the  lower  futtocks  in  the  square  body. 
Hanee. — The  sudden  breaking-in  from  one  form  to  another,  as  when  a  piece  is 

formed,  one  part  eight-square  and  the  other  part  cylindrical,  the  part  lietween 

the  termination  of  these  different  forms  is  called  the  hance;  or  the  parts  of  any 

timber  where  it  suddenly  becomes  nai'rower  or  smaller. 
Hanging-Knee. — Those  knees  against  the  sides  whose  arms  hang  verticallj 

or  perpendicular. 
Harpina. — Pieces  of  oak,  similar  to  ribband*,  but  trimmed  and  beveled  to  the 
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shape  of  the  body  of  the  nhip,  and  holding  the  fore  and  after  cant  bodies  together 
until  the  ship  is  planked.  But  this  term  is  mostly  applicable  to  those  at  the 
bow;  hence  arises  the  phrase  "lean  and  full  harpin,"  as  the  ship  at  this  part 

Hawse-JSoles, — The  apertures  forward,  lined  with  iron  cahiiig^,  for  the  chain 
cables  to  pass  through. 

Hawse-Hook,— The  breast  hook  at  the  hawse-holes. 

Mflivae-Fipes  or  Chain-Fipes. — The  apertures  in  the  deck,  lined  witli 
iron,  through  which  the  chain  cables  lead  to  the  lockers. 

Hawse-IAning. — The  lining  of  the  hawse-holes  and  (.hain-pipes.  The  lining 
is  composed  of  a  lead  casing,  covered  with  an  iron  casing. 

Head. — The  upper  end  of  anything,  but  more  particularly  applied  to  all  the 
work  fitted  afore  the  stem,  as  the  Qgure,  the  knee,  rails,  etc.  A  "  scroll  head  " 
signifies  that  there  is  no  carved  or  ornamental  figure  at  the  head,  but  that  the 
termination  is  formed  and  fitiished  off  by  amluU.  or  scroll  turning  outward, 
A  "fiddle  head"  signifies  a  similar  kind  of  finish,  but  with  the  scroll  turning 
aft  or  inward. 

Head-LedffeS' — The  'thwartship  pieces  which  frame  the  halcliways  and  lad- 

Head-Bails,— T\u>te  rails  in  the  head  which  extend  from  the  back  of  the 

figure  to  the  cathead  and  bows,  which  are  not  only  ornamental  to  the  frame, 

but  useful  to  that  part  of  the  ship. 
Heel, — The  lower  end  of  a  tree,  timber,  etc.     A  ship  is  also  said  to  heel  when 

she  is  not  upright,  but  inclines  under  a  s^de  pressure. 
Hogging, — See  Brokgk-Baceed.     A  ship  is  said  lo  hog  when  the  middle  part 

of  her  keel  is  so  strained  aa  to  curve  or  arch  upward.    This  term  is  therefore 

opposed  to  sagging,  which,  applied  in  a  similar  manner,  means  that  the  keel, 

by  a  different  sort  of  strain,  curves  downward.  , 

H<>ld, — That  part  of  the  ship  below  the  lower  deck,  between  the  bulkheads, 

which  is  reserved  for  the  stowage  of  ballast,  water  and  provisions  in  ships  of 

war,  and  for  that  of  the  cargo  in  merchant  vessels. 
Hooding- Ends. — Those  ends  of  the  planks  which  bury  in  the  rabbets  of  the 

stem  and  stern-post. 
Horse-Iron. — An  iron  fiied  in  a  liandle,  and  nsed  with  a  beetle  by  caulkers, 

to  horse-up  or  harden  in  the  oakum. 
Horse-Shoes. — Large  straps  of  iron  or  copper  shaped  like  a  horse-shoe  and 

let  intfl  the  stem  and  gripe  on  opposite  sides,  through  which  they  are  bolted 

together,  to  secure  the  gripe  to  the  stem. 
SuU. — Tlie  whole  frame^  body  of  a  ship,  exclusive  of  the  masts,  yards,  sails 

and  rigging. 
Xm.  and  Out, — A  term  sometimes  used  for  the  scantling  of  the  timbers,  the 

moulding  way,  but  more  particularly  applied  fo  those  bolts  in  the  knees,  riders, 

etc.,  whicli  are  driven  through  the  ship's  sides,  or  athwartships,  and  therefiire 

called  "  In-and-oiU  toJis."    " 
Inner  Post. — A  piece  of  oak  timber,  brought  on  and  fayed  to  the  fore  side  of 

the  main  stern-post,  for  the  purpose  of  seating  the  transoms  upon  it.     It  is  a 

great  security  to  the  ends  of  the  planks,  as  the  main  post  is  seldom  sufficiently 

afore  the  rabbet  for  that  purpose,  and  is  also  a  great  strengthener  lo  that  part 

of  the  ship. 
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Keel.— The  main  and  lowest  timber  of  a  ship,  extending  longitudinally  from 
the  stem  to  tlie  st«ni-poHt.  It  is  formed  of  several  pieces,  wliich  are  Hoarplied 
logellier  endways,  and  form  the  basis  of  tlie  whole  struolure.  Of  course,  it  is 
usually  tlie  first  thing  laid  down  upon  (lie  blocks  for  the  construction  of  the 

Ke^non,  or,  more  commonly.  Kelson.— "ihe  timber,  formed  of  long 
square  pieces  of  oak,  fixed  wiihtn  the  ship  esaetly  over  the  keel  (and  which 
may  therefore  be  conridered  as  the  counterpart  of  the  latter),  for  binding  and 
strengthening  the  lower  part  of  the  ship ;  for  wliich  purpose  it  ia  fitted  to,  and 
laid  upon,  the  middle  of  the  floor  timbers,  and  bolted  through  the  floors  and 

Knees. — The  crooked  pieces  of  oak  limber  by  which  tlie  ends  of  the  beams  are 
secuied  to  the  sides  of  the  Khip.  Of  these,  suth  as  are  fayed  vertically  to  tlie 
sides  are  called  Hanging-Knees,  and  Bucli  as  are  fixed  parallel  to  or  with  the 
hang  of  tlie  deck,  are  called  Lodging-Knees.  Knees  are  now  usually  of  wrought 
iron ;  there  are  several  kinds,  as  clulch-kneea,  horn-knees,  plate-knees,  etc. 

Knee  of  the  Head. — The  large  flat  timber  fayed  edgeways  upon  (he  fore- 
part of  the  stem.  It  is  formed  by  an  aasemblage  of  pieces  of  oak,  coaked  or 
tabled  t<^ether  edgewise  by  reason  of  its  breadth,  and  it  projects  the  length  of 
the  iiead.  Its  fore  part  should  form  a  liandsome  serpentine  line  or  inflected 
curve.    The  prinrapal  pieces  are  named  the  mainpieee  and  lacing. 

Knightheads.—luarge  oak  timbers,  &yed  and  bolted  on  each  side  of  the  stem, 
the  heads  of  which  run  up  on  each  side  sufficiently  far  to  support  the  bow- 

K.nuvkle,—A  sudden  angle  made  on  some  timbers  by  a  quick  reverse  of  shape, 

as  tlie  knuckle  of  the  floor,  counter-timber,  etc. 
Laborsome. — Subject  (ofa6iJr  or  to  pitch  and  roll  violently  in  a  heavy  sea, 
by  which  tlie  masls  and  eveti  the  hull  may  he  endangered ;  for  by  a  series  of 
ieavy  rolls  the  rigging  becomes  loosened,  and  the  masts  at  the  same  time  may 
strain  upon  the  shrouds  with  an  efibrf  wiiicb  they  will  be  unable  lo  resist ;  to 
which  may  be  added  that  the  continual  agitation  of  the  vessel  loosens  her 
'  joints  and  makes  her  extremely  leaky. 
Landing  Stroke, — The  upper  atrake  but  one  in  a  boat. 
To  Lap  Over  or   Upon, — The   mast  cartings  are  said  to  lap   upon  the 
beams  by  reason  ot  their  great  depth,  and  head-ledges  at  the  ends  lap  over  the 
coamings. 
Lap-Sided,— Pi.  term  expressive  of  the  condition  of  a  vessel  when  she  will  not 

swim  upright,  owing  to  her  sides  being  unequal. 
Lav/neh. — The  slip  or  descent  on  which  the  ship  is  built,  including  the  whole 

machinery  of  launching. 
Launching  Flunks. — A  set  of  planks  mostly  used  io  form  the  platform  on 
each  side  of  the  ship  whereon  the  bilgeways  slide  for  the  purpose  of  launching. 
Laying-Off,  or  Luying-Do'wn. — The  act  of  delineating  the   various 
parte  of  tlie  ship,  lo  its  true  size,  upon  the  mould-loft  floor,  from  the  draught 
given  for  the  purpose  of  making  the  moulds. 
Ledges. — -Oak  or  fir  scintling  used  in  framing  the  decks,  which  are  let  into  the 
carlings  athwarlships.    The  ledges  for  gratings  are  similar,  but  areh  or  round 
up  agreeably  to  the  head-ledges. 
Lengthening,— 'S\ie  oj>eratbn  of  Rejiarating  a  KJiip  athwarLships  and  adding 
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a  certain  portion  to  her  length.  It  is  performed  by  clearing  or  driving  out  all 
the  fastenings  in  wiike  of  the  bntts  of  (hose  \jIo.nks  which  may  be  retained,  and 
the  otheis  are  cut  througU.  The  after  end  is  then  drawn  apart  to  a  limited 
distance,  equal  to  the  additional  length  proposed.  The  keel  i-;  then  made 
good,  the  floors  crossed,  and  a  sufficient  number  of  limbers  raised  to  fill  up  the 
vacancy  produced  by  tlie  separation.  The  kelson  is  then  replaced  to  give  good 
shift  to  the  new  searplis  of  the  keel,  and  as  many  beams  aa  may  be  necessary 
are  placed  across  the  ship  in  the  new  interval,  and  the  planks  on  the  outside 
are  Replaced  with  a  proper  shift.  The  Bhelf,  clamps  and  footwaling  within  the 
ship  are  then  supplied,  the  beams  kneed,  and  liie  ship  completed  in  all  respects 
as  before. 

To  Let-in.— To  fii  or  fit  one  timber  or  plank  into  another,  as  the  ends  of  carl- 
ings  into  the  beams,  and  the  beams  into  the  shelf  or  clamps,  vacancies  being 
made  in  each  to  receive  tha  other. 

Level  Lines. — Lines  determining  the  shape  of  a  ship's  body  horizontally,  or 
Bqnare  from  the  middle  line  of  the  ship. 

Limber-JPaasage. — A  passage  or  channel  formed  throughout  the  whole 
length  of  tlie  floor,  on  each  side  of  the  kelson,  for  giving  water  a  free  commu- 
nication to  the  pumps.  It  is  formed  by  the  limber-steake  on  each  side,  a 
thick  Btrake  wrought  next  the  kelson,  from  the  upper  side  of  which  the  depth 
in  the  hold  is  always  taken.  This  strake  is  kept  at  about  eleven  incliea  from 
the  kelson,  and  forms  the  passage  fore  and  aft  which  admits  the  water  with  a 
fair  run  to  (lie  pump-well.  The  upper  partof  the  iiraber-passage  is  formed  by 
the  UMBER-BOARDS  Or  plates,  which  are  made  to  keep  out  all  dirt  and  other 
obstructions.  Tliese  boards  are  composed  of  iron  plates,  or  else  of  short  pieces 
of  oak  plank,  one  edge  of  which  is  fitted  by  it  rabbet  into  ihe  liniber-strake, 
and  the  other  edge  beveled  with  a  descent  against  thefcelson.  They  are  fitted  in 
short  pieces,  for  the  convenience  of  taking  up  any  one  or  more  readily,  in  order 
to  clear  away  any  obstruction  in  the  passage.  When  tlie  limber-boards  are 
fitted,  care  should  be  taken  to  have  the  butts  in  those  places  where  the  bulk- 
heads come,  as  there  will  be  then  no  difficulty  in  taking  those  up  which  come 
near  the  bulkheads.  A  hole  is  bored  in  the  middle  t»f  each  butt,  to  admit  the 
end  of  a  crow  for  prizing  it  up  when  required.  To  prevent  the  boards  from 
being  dbplaced,  each  should  be  marked  with  a  line  corresponding  with  one  on 
the  limber-strake. 

UniberSoles  are  square  grooves  cut  through  the  underside  of  the  floor 
timber,  about  nine  inches  from  the  side  of  tlie  keel  on  each  side,  through  which 
water  may  run  toward  the  pumps,  in  the  whole  length  of  the  floors.  This 
precaution  is  requisite  in  merchant  ships  only,  where  small  quantities  of  water, 
by  tlie  heeling  of  the  ship,  may  come  through  the  ceiling  and  damage  the 
cargo.  It  is  for  this  reason  that  the  lower  futtocka  of  merchant  ships  are  cut 
offshort  of  the  keel. 

Ups  of  Scarphs.— The  substance  left  at  the  ends,  which  would  otherwise 
become  sharp,  and  be  liable  to  split,  and  in  other  eases  could  not  bear  amlking, 
as  the  scarphs  of  the  keel,  stem,  etc. 

Luffff»r. — A  vessel  having  one,  two  or  three  masts,  lateen-rigged. 

Main  Breadth. — The  broadest  part  of  the  ship  at  any  particular  timber  or 
frame,  which  is  distinguished  on  the  sheer-draft  by  the  upper  and  lower 
heights  of  breadth-lines. 
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Main- JFetles.— The  lower  wales,  which  are  generally  placed  on  the  lower 

breadth,  and  so  that  the  main  deck  knee-bolls  may  come  into  them. 
MnUet,—A.  large  wooden  hammer,  used  by  eaiilkecs.  , 

Manffet\—An  apattment  extending  athwart  the  ship,  immediately  witliin  (he 
luiwse-holes.    It  serves  aa  a  fence  Ut  interiiipt  the  passage  of  water  which  may 
come  in  at  the  hawse-holes  or  from  tiie  ca.ble  when  heaving  in ;  and  the  water 
thua  prevented  from  miming  aft  ia  returned  into  the  sea  by  the  manger-scup- 
pera,  which  are  larger  than  the  other  scuppers  on  that  account. 
Mauls.— Lnrge  bararaers  used  for  driving  treenails,  liaving  a  steel  face  at  one 
end  and  a  point  oi'  pen  drawn  out  at  the  other.     Doubie-lieaded  mauls  have  a 
steel  face  at  each  end  of  the  same  siie,  and  are  u^ed  for  driving  bolls,  etc 
Meta-Centre.--~Thii.t  point  in  a  ship  above  which  the  centre  of  gravity  of 
weight  must  by  no  means  be  placed,  because  if  it  were  the  vessel  would  at  once 
overset.    Themeira-eenEre,  which  h.TS  also  been  called  ihe  siiftraj-ceuf re,  depends 
upon  the  situation  of  the  centre  of  buoyancy,  for  it  is  that  point  where  a  vertical 
line  drawn  from  the  centre  of  buoyancy  cuts  a  line  paaaing  through  the  centre 
of  gravity  perpendicular  to  the  keel. 
Middle  IAne.—k  line  dividing  the  ship  exactly  in  the  middle.    In  the  hori- 
aontal  or  half-breadth  plan  it  is  a  right  line  bisecting  the  ship  from  the  stem  to 
the  stern-post;  and  in  the  plane  of  projection,  or  body  plan,  it  ia  a  ps^rpendicn- 
lar  line  bisecting  the  ship  from  the  keel  tfl  the  height  of  the  top  of  llie  side. 
Momenta,  or  Moments, — The  plural  ol  Moraealam. 
Moinettfum  of  a  heavy  body,  or  of  any  extent  considered  as  a  heavy  body,  is 
the  product  of  the  weight  mnhiiilicd  by  the  distance  of  its  centre  of  gravity 
from  a  certain  point,  assumed  at  pleasure,  which  is  ciUed  tlio  cenlre  of  the 
momentum,  ot  from  a  line  (Phicii  is  called  the  axis  of  the  momentum. 
Mortise. — A  hole  or  hollow  made  of  a  certain  size  and  depth  in  a  piece  of 
timber,  etc,  in  order  to  receive  the  end  of  another  piece,  with  a  tenon  fitted 
exactly  to  fill  it. 
Moulds. — Pieces  of  deal  or  board  made  to  the  shape  of  the  lines  on  the  mould- 
loft  floor,  as  the  timbers,  harpina,  ribbands,  etc.,  for  the  purpose  of  cutting  out 
the  different  pieces  of  timber,  etc.,  for  the  ship.    Also  tlie  thin,  flesible  pieces 
of  pear  tree  or  box  used  in  constructing  the  draughts  and  plans  of  ships,  which 
are  made  in  various  shapes,  viz. ;  to  the  segroenis  of  circles  from  1  foot  to  22 
feet  radius,  increa.sing  6  inches  on  eacli  edge,  and  numerous  elliptical  curves, 
with  other  figures. 
Moulded. — Cut  to  the  mould.     Also,  the  Mze  or  bigness  of  the  timbers  the  way 

the  mould  is  laid.  See  Sided. 
NaUs. — Iron  pins  of  various  descriptions  for  fastening  board,  plank  or  iron 
work,  viz.  r  Seek  TtaiU  nr  eptite  nails,  which  are  from  four  inches  and  a  half  to 
twelve  inches  long,  have  snug  heads,  and  are  used  for  fastening  planks  and  the 
flat  of  the  decks.  Weight  naile  are  similar  to  deck  nails,  but  not  so  fine,  have 
Bquate  heads,  and  are  used  for  lastening  cleats,  etc.  Eibband  naili  are  similar 
to  weight  nails,  with  this  difference — that  they  have  large  round  heads,  so  as  to 
be  more  easily  drawn.  They  are  nsed  for  fastening  the  ribbands,  etc.  Ghmp 
TiaiU  are  short,  stout  nails,  with  large  heads,  for  litstening  iron  clamps.  iVl 
naile,  double  and  single,  are  similar  to  clamp  nails,  and  used  for  fastening  iron 
work.  Badder  juiib  are  also  similar,  but  used  chiefly  for  fastening  the  pintles 
and  braces.      Filling  ndUs  of  cast  iron  were  formerly  driven  very  thick  in 
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tlie  bottom  planks,  Instead  of  copper  slieathing ;  whi!e  smaller  nails  were  used  to 
fasten  wood  sheathing  on  the  ship's  bottom,  to  preserve  llie  plank  and  prevent 
the  lilling  nails  Trom  tearing  it  too  mach.*  Nails  of  eorls  are  4,  6,  8,  10,  24, 
30  and  40-pennj'  nails,  all  of  different  lengths,  and  used  for  nailing  boards,  etc. 
Saapper  rmiU  are  short  nails,  with  very  broad  heads,  ased  to  nail  the  flaps  of 
the  Eouppers.  Lead  naiia  are  small  round-headed  nails,  for  nailing  lead. 
Flat  Jiaik  are  Bmall,  sharp-pointed  nails,  with  flat,  thin  heads,  for  nailing  the 
scarplis  of  moulds.  Sheathing  naiis,  for  nailing  copper  sheathing,  are  of  metal, 
cast  in  moulds,  about  one  inch  and  a  quarter  long ;  the  heads  are  fiat  on  the 
upper  side  and  countersunk  below ;  the  upper  side  is  polished  lo  obviate  the 
adhesion  of  weeds.  Bool  naiU,  nsed  by  boat-builders,  are  of  various  lengths, 
generally  rose-headed,  square  at  the  points,  and  made  both  of  copper  and  iron. 

^Og. — A  short  treenail  tliat  projects,  to  keep  in  its  place  any  timber,  or  that  ia 
driven  in  to  fasten  the  heels  of  shore?,  etc. 

OaJctim, — Old  rope,  untwisted  and  loosened  like  hemp,  in  order  lo  be  used  in 
caul  king. 

To  Over-Launch.— To  run  the  butt  of  one  plank  to  a  certain  distance 
beyond  the  next  butt  above  or  beneath  it,  in  order  to  make  stronger  work. 

:Padal&-BeamB.—Tv!a  large  beams  exleJiding  out  &om  the  sides  of  paddle- 
wheel  steamers  sufficiently  far  to  receive  the  spring  beams,  which  are  dove- 
tailed to  them.  Frames  are  thus  formed  on  which  the  paddle-boies  are 
erected.  Thestfbeams  are  secured  with  large  hanging-knees,  both  iuside  and 
out — those  on  the  outside  being  formed  with  spurs. 

Palletlnff.—A  slight  platform,  made  above  the  bottom  of  the  magazine,  to 
keep  the  powder-tanks  from  moisture. 

FaUlf. — Stout  pieces  of  iron,  so  placed  near  a  capstan  or  windlass  as  to  prevent 
a  recoil,  whicli  would  overpower  the  men  at  the  bars  when  heaving. 

Par(Mei-8.— Those  pieces  of  plank,  etc,  fitted  into  a  rabbet  in  the  mast  or 
capstan  carlings,  for  the  purpose  of  wedging  the  mast  and  steadying  the  cap- 
stan. Also  any  plank  that  is  thick,  or  above  the  rest  of  the  deck,  for  the  pur- 
pose of  steadying  whatever  passes  through  the  deck,  as  the  pumps,  bow- 

To  Pay. — To  lay  on  a  coat  of  tar,  etc.,  with  a  mop  or  brush,  in  order  lo  pre- 
serve the  wood  and  keep  out  water.  When  one  or  more  pieces  are  scarphed 
together,  as  the  beams,  etc,  the  inside  of  tlte  scarphs  are  payed  with  tar  asa  pre- 
servative, and  Ihe  seams,  after  they  are  catilked,  are  payed  with  pitch  to  keep 
the  water  from  the  oakum,  etc 

PiwA;,— A  ship  with  a  very  narrow,  round  stem  ;  whence  all  vessels,  however 
small,  having  their  sterns  fashioned  in  this  manner,  are  said  to  be  pinksiemed. 

Pintles. — Straps  of  mixed  metal  or  of  iron,  fastened  on  the  rudder  in  tiie  same 
manner  as  the  braces  on  the  stern-post,  having  a  stout  pin  or  hook  at  the  ends, 
.with  the  points  downward,  to  enter  in  and  rest  upon  the  braces  on  which  the 
rodder  traverses  or  turns,  as  upon  hinges,  from  side  to  side.  Sometimes  one 
or  two  are  shorter  than  the  rest,  and  work  in  a  socket-brace,  whereby  the  rudder 
turns  easier.     The  latter  are  called  dunUi-pinUei.     Some  are  bushed. 

Pitch. — Tar,  boiled  to  a  harder  and  more  tenacions  substance. 

Pitching. — The  inclination  or  vibration  of  the  ship  lengthwise  about  her 
centre  of  gravity,  or  the  motion  by  which  she  plunges  her  Lead  and  after 
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part  alternately  into  the  hollow  of  the  sea.    This  is  a  very  dangerous  raolion, 
and  when  considerable  not  only  retards  tlie  ship's  way,  hut  endanger  the  masta 
and  strains  the  y easel. 
Planh.—k\{  timber  from  one  and  a  half  \a  four  inches  in  thicknesn  has  this 
name  given  lo  it,  except  fir,  which,  to  three  indies  in  thickness,  is  frequently 
called  deal. 
P/nnA;iMj/.— Covering   the   outside  of    the   timbers  with    plank,  sometimes 
quaintly  called  Aiitning,  the  plank  being  the  outer  coating  when  the  vessel  is 
not  slieatbed. 
PlanJi-Sheers,  or  rianJc-SJieer.— The  pieces  of  plank  laid  horizontally 
over  the  timber-heatla  of  the  quarter  deck  and  forecastle,  for  the  purpose  of 
covering  the  top  of  the  aide ;  hence  sometimes  called  covering-boards. 
Point-  Vellque.— That  point  where,  in  a  direct  coarse,  the  centre  of  effort  of 

all  the  sails  should  be  found. 
Foppetlt.— Those  pieces  {mostly  of  pine  or  fir)  which  arefiired  perpendicularly 
between  the  ship's  bottom  and  the  bilgeways,  at  the  fore  and  aftermost  parts  of 
tlie  ship,  to  support  lier  in  launching. 
l^rt-Stopper  or  ShuUer.—lhfs  heavy  masses  of  iron  used  to  close  the 

ports  of  an  iron-clad. 
Freventer-Bi}lt»,—T\ie  bolts  passing  through  the  lower  end  of  the  preventer- 
plates,  to  awsist  the  chain-bolts  in  heavy  strains. 
PrevelUer-Flatea.—S\i'>t\.  plates  of  iron  bolted  lo  the  siie  at  the  lower  part 

of  the  chains,  as  extra  security. 
i*MH»3).— The  machine  fitted  in  the  wells  of  ships  to  draw  water  out  of  the  hold. 
rump  Cisterns.— Chinas  fixed  over  the  heads  of  the  pnipps  to  receive  the 

water  until  it  is  conveyed  through  the  sides  of  the  ship  by  the  pump-dales. 
2*wmp-I>ales.— Pi[)es  fitted  to  tlie  cistema  to  convey  the  water  from  them 

through  the  ship's  sides. 
Quarter  GaUeriea.—The  projections  from  the  quarters   abaft,  fitted  with 
Ba«hes  and  ballusteiu,  and  intended  both  for  convenience  and  ornament  to  the 
after  part  of  the  ship. 
Qwicft- JForft.— A  term  given  to  the  strakes  which  shut  in  between  the  spir- 
fceting  and  the  clamps.     By  qnick-work  was  formerly  meant  all  that  part  of  a 
merchant  vessel  below  the  level  of  the  water  when  she  is  laden. 
To  Quicken.— Til  give  anything  a  greater  curve.     For  instance,  "  Ta  qakken 
the  iKeer"  is  to  sliorten  the  radius  by  which  the  curve  is  struck.     This  term  is 
therefore  opposed  to  straiglitening  the  sheer. 
Kahbet.—k  joint  made  by  a  groove  or  channel  in  a  piece  of  timher,  cut  for 
the  purpose  of  receiving  'and  securing  the  edge  or  ends  of  the  planks,  as  the 
planks  of  tlie  bottom  into  the  keel,  stem  or  stem-post,  or  the  edge  of  one  plank 
into  another. 
Sag-Bolt.— P>.  sort  of  bolt  having  its  point  jagged  or  barbed,  to  make  it  hold 

the  more  securely. 
JSafte.— The  overhanging  of  the  stem  or  Stern  beyond  a  perpendicular  with  the 

keel,  or  any  part  or  thing  that  forms  an  obtuse  angle  with  the  horizon. 
Bum-Line.— k  small  rope  or  line,  sometimes  used  for  the  purpose  of  forming 

the  sheer  or  hang  of  the  decks,  for  setting  the  beams  fair,  etc. 
.Ert3fw.(/.— The  act  of  marking  by  a  mould  on  a  piece  of  timber,  or  any  marks 
made  by  a  tool  called  a  rasing-knife  or  scriber. 
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.R««e.— The  denomination  of  different  cUrscs  of  sl.ips  of  war  according  to  tiieir 

tonnage,  weight  of  metal,  ele. 
To  MeeoncUe.-To  make  one  piece  of  work  angiver  fair  witii  tl,e  niouldine 

or  sliape  of  tlie  aborning  piece,  and  more  particularly  in  tlie  revemoii  of 

Itee«iinff.~A  term  used  by  caulker,  for  opening  the  aeams  of  the  planks,  that 

the  oaknm  may  be  more  readily  admitted 
^eefnmff-Iro,ls.-Th^  large  iron,  used  by  ca«lke«  in  opening  the  seama. 
-f^*te.-Large  open  splite  or  «habea  in  limber,  particularly  in  plank,  occasioned 

by  Its  being  exposed  to  the  wind  or  sun,  etc. 
JS»6««ds.-Tlie  longitudinal  pieces  of  yellow  pine  or  fir,  about  five  inches 
square,  nailed  to  Ihe  timbets  of  the  square-body  (those  of  the  same  description 
in  the  cant-body  being  shaped  by  a  moald,  and  called  harpir^),  to  keep  tbe  body 
of  the  Eh.p  together  and  in  its  proper  shape  m.til  the  plank  is  brought  on. 
The  shores  are  placed  beneath  them.  They  are  removed  entirely  when  the 
planking  comes  on.  The  difference  between  eant-ribband,  and  mare  or  Am- 
eonioi  ribband!  is,  [hat  the  latter  are  onlv  ideal,  and  used  in  laying-off. 
SUtbund-Lines.— The  same  with  diagonal  lines. 

Misiug.-JL  term  derived  from  the  shape  of  a  ship's  bottom  in  general,  which 
gradually  narrows  or  beeomes  sharper  toward  the  stem  awd  the  ■Jtern-j>ott. 
On  this  account  it  is  that  the  floor  toward  the  extremities  of  the  ship  U  i-iised 
or  lifted  above  thft  keel ;  otherwise  the  shape  would  be  so  very  acule  as  not  to 
be  ptovided  from  timber  with  sufficient  strength  in  liie  middle  or  cntling-down 
The  floor  timbers  forward  and  abaft,  with  regard  to  their  general  form  and 
arrangement,  are  therefore  gradually  lifted  or  raised  upon  a  solid  body  af 
wood,  called  the  <had  or  Tmng  mod,  which  mnst,  of  course  liave  more  or  less 
rising  as  the  body  of  the  sliip  a^umes  more  or  less  fullne*.  or  capacity.  See 
Dear  RiaiNa.  r      j 

T/ie  RMnff  of  Boats  is  a  narrow  st,ake  of  board  fastened  inside  to  sup. 
port  the  thwarts.  *^ 

mnini;  Floors.— The  floors  forward  and  abaft,  which,  on  acoount  of  the  ri^ine 
of  die  body,  are  the  most  difficnit  lo  be  obtained,  as  li,ey  must  be  deeper  in  the 
tJiroat  or  at  the  cutting-down  lo  preserve  strength.    . 

iitsi»ff-itee.-An  elliptical  line,  drawn  on  the  plan  of  elevation,  to  determine 
tlie  sweep  of  the  floor-heads  Ibroughout  the  ship's  length,  which  aocordinglv 
ascertains  the  shape  of  the  b>Htom  with  regard  lo  its  bein-  full  or  sharp 
RoUing.-TU«l  motion  by  wliich  a  ship  vibrates  from  side  to  side.  Boiling  is 
tlierefore  a  sort  of  revolution  about  an  imaginary  axis,  passing  through"  the 
centre  ofgravity  of  the  ship;  so  lliat  the  nearer  the  centre  of  gravity  is  to  the 
keel  the  more  violent  will  be  the  roll,  because  tlie  centre  abont  which  the 
vibrations  are  made  la  placed  so  low  in  ttie  bottom  tliat  the  resistance  made  bv 
the  keel  lo  the  volume  of  water  which  it  displaces  in  rolling  bears  verv  little 
proportion  to  the  force  of  the  vibration  above  the  centre  of  gravity,  the  radios 
of  which  extends  as  high  as  the  mast-heads.  Bnt  if  the  centre  of  gravitv  is 
plawd  higher  above  the  keel,  the  radius  of  the  vibration  will  not  only'  be 
diminished,  but  stich  an  additional  force  to  oppose  the  motion  of  rolling  will 
tecommunieated  tothat  part  of  the  ship's  bottom  as  may  contribute  to  diminish 
this  niovemenl  considerably.  It  may  be  observed  that  with  respect  to  the  for- 
mation of  a  ship's  body  that  shape  which  approaches  nearest  lo  a  circle  is  the 
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moRt  liable  to  roll,  as  it  is  evident  tliat  if  this  be  agitated  in  tlie  water  it  will 
have  notbing  to  restrain  it,  because  tlie  rolling  or  rolalion  about  ila  centre  dis- 
places no  more  water  than  when  it  remains  upright ;  and  hence  it  bectimes 
necessary  to  increase  the  deptll  of  the  keel,  the  rising  of  the  floors  and  the 
deadwood  afore  and  abaft. 

Room-and'Space, — The  distance  from  the  moulding  edge  of  one  limber  to 
the  moulding  edge  of  the  nest  timber,  wbicb  is  always  eqnal  to  tbe  breadth  of 
two  timbers,  and  two  to  fonr  Inches  more.  The  room  and  space  of  alt  sliips 
that  hSiVe  ports  should  b«  so  disposed  that  the  scantling  of  the  timber  on  each 
side  of  the  lower  ports  and  tbe  size  of  the  ports  fore  and  aft  may*he  equal  to 
the  distance  of  two  rooms  and  spaces. 

Roufffittee  ItaHs, — In  men-of-war,  tbe  broad  plank  running  fore  and  aft, 
covering  the  heads  of  tlie  top-timbers,  thus  forming  the  bottom  of  the  liammock 
netting.  In  merchant  vessels,  the  rails  along  the  waist  and  quarters,  nearly 
breast  high,  to  prevent  persona  from  falling  overboard.  This  term  originated 
from  the  practice  in  merchant  vessels  of  carrying  their  rough  or  spare  gear  in 
crutch-irons  along  their  waiat. 

Budder, — The  machine  by  which  the  ship  is  steered. 

Sudder-Chocks. — Large  pieces  of  fir  to  fey  or  fill  up  the  excavation  on  the 
side  of  the  rudder  in  the  rudder-hole,  so  that  (he  helm  being  in  miilships  the 
rudder  may  be  fixed ;  and  supposing  the  tiller  broke,  another  miglit  thus  be 
replaced. 

Sun. — The  narrowing  of  the  ship  abaft,  as  of  the  floor  toward  the  stern-post, 
where  it  becomes  no  broader  than  the  post  itselC  This  term  is  also  used  to 
signify  the  ranning  or  drawing  of  a  line  on  the  ship  or  mould-loft  floor,  as  "  to 
run  the  wale-line,"  or  deck-line,  etc 

Sampaon-Snee,  or  Bitt  Standard. — A  knee  used  to  strengthen  the 
riding  bitts. 

Scatitlinff, — The  dimensions  given  for  the  timbers,  planks,  etc  Likewise  all 
quartering  under  five  inches  square,  which  is  termed  scantling ;  all  above  that 
sLse  is  called  aa-ling. 
■  ScarpMng.— The  letting  of  one  piece  of  timber  or  plank  into  another  with  a 
Jap,  in  such  a  manner  that  both  may  appear  as  one  solid  and  even  surface,  aa 
keel-pieces,  stem-pieces,  el.iinps,  etc. 

Schooner. — A  vessel  with  two  or  three  masts,  with  fore-and-aft  sails  set  on 
gafTs.    A  topsail  schooner  has  a  fore-lopsail,  and  sometimes  a  fore-toj^llant 

Scuppers. — Lead  pipes  let  through  the  ship's  aide  to  convey  the  water  from 
tbe  decks. 

Scuttle, — An  opening  in  the  deck  smaller  than  a  halcliway. 

Seams. — The  openings  between  the  edges  of  the  planks  when  wrought 

Seasoninff. — A  term  applied  to  a  ship  kept  standing  a  certain  time  after  she 
is  completely  framed  and  dubbed  out  for  planking,  which  should  never  be  less 
than  sis  months,  when  circumstances  will  permit.  Seasoned  plank  or  timha-  is 
such  as  has  been  cut  down  and  sawed  out  one  season  at  least,  particularly  when 
thoroughly  dry  and  not  liable  to  shrink. 

Seatinff.~-That  part  of  the  floor  which  feys  on  the  deadwood.andof  a  transom 
which  fays  against  the  post. 
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Sending  or  'SceHdhtff.—Tlie  act  of  ^pitcliing  violently  inlo  the  liollows  or 
intervals  of  the  waves. 

Setting  or  Settltiff-fo.—The  act  of  making  tlie  planfcB,  etc.,  fay  close  to  the 
timtiera,  by  driving  wedges  between  tlie  (jlanb,  etc.,  and  a  wrain  staff.  Heuce 
we  aay,  "set  or  set  awiiy,"  meaning  to  exert  more  slrenglh.  The  power  or 
engine  used  for  the  piirpoBe  of  setting  is  called  a  Sett,  and  is  composed  of  two 
ring-bolts  and  a  wrain  Rtaflj  cleats  and  lashings. 

Shaken  or  SiMky.—A  natural  defect  in  plank  or  timber  when  it  ia  full  of 
splits  or  clefts,  and  will  not  bear  tiistening  or  caulking. 

Sheathing. — A  thin  sort  of  doubling  or  casing  of  jeilow  pine  board  or  sheet 
copper,  and  sometimes  of  both,  over  the  ship's  bottom,  to  protect  the  planks 
from  worms,  etc.  Tar  and  liair,  or  brown  paper  dipped  in  lar  and  oil,  is  laid 
between  the  sheathing  and  the  bottom. 

iS/ieer.— The  longitudinal  cnrve  or  hanging  of  a  ship's  side  in  a  fore-and-aft 
direction. 

Sheer-Draught.— 'i\\e  plan  of  elevation  of  a  ship,  whereon  is  descrihed  the 
outboard  workEi,  as  the  wales,  sheer-rails,  ports,  drifts,  head,  qnarters,  post 
and  stem,  etc.,  the  hang  of  each  deck  inside,  the  height  of  the  water-lines,  etc. 

Sheer-Strake.—T^ie  strake  or  atrakes  wrougiit  in  the  topside,  of  which  the 
upper  edge  is  wrought  well  with  the  top-timber  line  or  top  of  the  side,  and  the 
lower  edge  kept  well  with  the  upper  part  ot  the  npper  deck  ports  in  midships, 
BO  as  to  be  coritinucd  whole  fore  and  aft,  and  not  cut  by  the  ports.  It  forms 
the  chief  strength  of  the  upper  part  of  the  topside,  and  is  therefore  always 
worked  thicker  than  the  other  strakes,  and  scarphed  with  hook  and  butt  between 
the  drifts. 

Shelf. — Timbers  worked  fore  and  aft,  in  some  ships,  for  the  beams  of  the  several 
declis  (o  reat  on. 

Shlft.—A  term  applied  to  the  disposition  of  the  butts  or  scarphs  of  plank  or 
limber,  ihat  they  may  over-launch  each  other  without  a  reduction  in  length,  so 
as  to  gain  the  must  strength. 

SifUng  or  Sided.— The  size  or  dimensions  of  timber  the  contrary  way  to  the 
moulding  or  moulded  side. 

Sills  or  Cilte. — The  short  plank  forming  the  npper  and  lower  parts  of  the  ports. 

Sirinarl68.~^The  different  places  marked  upon  the  moulds  where  the 
respective  beveiings  are  to  be  applied,  as  the  lower  sirmark,  floor  sirmark, 

Skeff.—The  after  end  of  the  keel,  or  the  part  on  which  the  stern-post  rests. 

The  iron  shoe  on  which  the  heel  of  an  equipoise  rudder  rests, 
SHces.— Wedges  used  in  connection  with  the  i>oppet8  in  launching. 
Sliding   Planks    are    the    planks    upon    which    the    bilgeways    slide   in 

launching.  ' 

Slip.— The  foundation  laid  for  the  purpose  of  building   the   ship  upon  and 

launching  her. 
To  Snape. — To  hanee  or  bevel  the  end  of  anything  so  as  to  fey  upon  an  inclined 

plane. 
Snyiitff.—A  term  applied  to  planks  when  their  edges  round  or  curve  upward. 

The  great  sny  occasioned  in  full  bows  or  buttocks  is  only  to  be  prevented  by 

introducing  steel ers. 
Specific  Gravity.— The  comparative  diiTerenee  in  the  weight  or  gravity  of 
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•am 

Tar 

Gun  Metal 

S784 

River  Witer 

Fire  Brass 

8360 

Bain  Water 

W  rought  Iron 

from  7827 

U,  7645 

Oak 

Cast  Iron 

7425 

A>.h 

Eoman  Cement 

1800 

White  Oik 

Sand 

1^20 

Beceh 

Lignum  \  il* 

1327 

Elm 

Ebony 

1177 

Fir 

Pitch 

1150 

Norway  Pii?e 

Eoain 

1100 

■iellfw  Pine 

Mihoganv 

lObS 

Cork 

Box  Wood 

1030 

Commjn  iir 

Theae  numbers  being  the  weigbt  of  a  Clibic  toot,  or  1728  cubic  inches,  of  each  of 
the  bodies  in  avoirdupoiB  ouncea,  by  proportion  the  quantity  in  any  other 
weight,  or  the  weigbt  of  any  olher  quantity,  may  be  readily  known. 

For  eirample. — Required  the  content  of  an  irregular  piece  of  oak,  which  weighs 
76  lbs.,  or  1216  oz. 

Sp.gr.  M.     wtoa.       cub.  in.      cnb.ia. 
■      Here  SB     925    :    1216::   1728   :    2271=  I  ft.  543  inches  cubic,  the  contents. 

Spifketinff. — >  thick  slrake  or  Btr.akes  wrought  wilbinaide  upon  theendaof 
the  beams  or  waterways.  In  ships  thnt  have  ports,  the  spirketing  reaches  from 
the  waterways  to  the  upper  side  of  the  lower  sill,  which  is  sonietiiues  of  two 
Etrakes,  wrought  anchor-slock  fasiiion ;  in  llils  case,  the  planks  sliould  always 
be  such  as  will  work  as  brood  as  possible,  admitting  the  butts  be  about  six 
inches  brpad. 

Sprvnff. — A  term  indicating  that  plank,  etc.,  is  strained  so  much  in  working  as 
to  crack  or  fly  open. 

Spurntvater. — A  channel  left  above  the  ends  of  a  deck,  to  prevent  water  from 
coming  any  furllier. 

SQUare-Sody. — The  figure  which  comprehends  all  the  timbers  whose  areas 
or  planes  are  perpendicular  to  the  keel,  which  is  alt  that  portion  of  a  ship 
between  the  cant-hodies.    See  Bodies. 

Square-Tlmbers.—Tbt  limbers  which  stand  square  with,  or  perpendicular 
to,  the  keel. 

Sguare-Tttck.~A  name  ^ven  lo  the  after  part  of  a  ship's  bottom  when  ter- 
minated in  the  same  direction  up  and  down  as  the  wing-transom,  the  planks 
of  the  bottom  ending  in  a  rabbet  at  (he  foreside  of  the  feshion-piece ;  whereas 
ships  with  .1  buttock  are  round  or  circular,  and  the  planka  of  the  bottom  end 
upon  the  wing-transom. 

8t€lAllitff.^T]ia.t  quality  which  enables  a  ship  to  keep,  herself  steadily  in  the 
water  without  rolling  or  pitching.  Stability  in  the  construction  of  a  ship  is 
only  fo  be  acquired  by  fixing  the  centre  of  gravity  at  a  certain  distance  below 
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the  meta-centre,  becaiise  the  Btability  of  the  vessel  increases  wilh  the  altittide 
of  the  meta-ceiitre  aboTe  Ihe  centre  of  gravity.  But  when  ih'e.inela-centre 
coindde«  with  the  centre  of  gravily,  the  vessel  lias  no  tendency  whatever  to 
remove  out  of  (he  situation  into  which  it  may  be  put.  ThuEi,  if  tlie  vessel  be 
inclined  eitlier  to  (he  starboard  or  port  side,  it  will  remain  in  that  position  till 
-  a  new  force  is  impressed  upon  it.  In  this  case,  therefore,  the  vessel  wonld  not 
be  able  to  carry  nail,  and  is  consequently  unfit  for  tlie  purposes  of  navigation. 
If  the  meta-centre  falla  below  the  common  centre  of  gravity,  the  vessel  will  " 
immediately  overset. 

Stanchions, — Tlpriglit  posts  of  timber  or  iron  to  enpport  the  teams,  declta, 
rails,  etc. 

Steeler.—A  name  given  to  the  foremost  or  aftermost  plank,  in  a  strake  which 
drops  short  of  the  stem  and  stem-post,  and  of  wliich  the  end  or  butt  nearest  the 
rabbet  is  worked  very  narrow  and  well  forward  or  aft.  Their  use  ie  to  lake 
out  the  snying  edge  oMiaeioned  by  a  full  bow  or  sudden  circular  buttock. 

Stem. — The  main  timber  at  the  fore  pari  of  the  ship,  formed  by  the  combination 
of  several  pieces  into  a  eurved'shape  and  erected  verticnllv  to  I'eceive  the 
ends  of  the  bow-planks,  which  are  united  to  it  by  means  of  a  rabbet.  Its  lower 
end  scarphs  or  boxes  into  Ihe  keel,  through  which  the  rabbet  is  also  carried, 
and  the  bottom  unites  in  the  same  msnner. 

Stemson. — A  piece  of  compass  limber,  wrought  on  the  after  pirt  of  the  apron 
inside,  ihe  lower  end  of  which  scarphs  inio  the  keelson.  Its  upper  end  is 
continued  as  high  as  the  middle  or  upper  deck,  and  its  use  is  to  succor  the 
scarphs  of  the  apron,  as  it  does  diose  of  Ihe  stem. 

Steps  of  the  Masts.— The  steps  into  which  the  lieelsof  the'masts  are  fixed 
are  large  pieces  of  limber.  Those  for  the  main  and  foremasts  are  fixed  across ' 
the  keelson,  and  that  for  the  mizzen-ma-st  upon  the  lower  deck-beams.  The 
holes  or  mortises  into  which  the  masts  step  should  have  sufficient  wood  on  each 
side  to  accord  in  strength  with  the  tenon  left  at  the  heel  of  the  mast,  and  the 
hole  should  be  cut  rather  less  than  the  tenon,  as  an  allowance  for  Bhrinking. 

Steps  for  tlie  Ship's  Side.— The  pieces  of  quartering,  with  mouldings, 
nailed  lo  the  sides  amidsliip,  about  nine  inches  asunder,  from  the  wales  upward, 
for  Ihe  convenience  of  persons  getting  on  boari 

Stem  Frame. — The  strong  frame  of  timber  composed  of  the  stern-post,  tran- 
soms and  lashion-piecen,  which  form  the  basis  of  the  whole  stern. 

Sfem-Post. — The  prindpal  piece  of  timber  in  the  stem  frame  on  which  the 
wdder  is  hung,  and  to  which  the  transoms  are  bolted.  It  therefore  tenoinates 
the  ship  below  the  wing-transom,  and  its  lower  end  is  tenoned  into  the  keel. 

Stiff. — Stable;  steady  under  canvas. 

Stiving. — The  eleva^on  of  a  ship's  cathead  or  bowsprit,  or  the  angle  which 
either  makes  with  the  horiion;  Kenerally  called  steeve. 

Stoppings- 1^*.— The  poppets,  timber,  etc.,  used  to  fill  up  the  vacancy  between 
the  upper  side  of  the  bilgeways  and  the  ship's  bottom,  for  supporting  her  when 
launching. 

Straight  of  Breadth.— "^"he  space  before  and  ahaft  dead-flal,  in  which  [he 
ship  is  of  the  same  uniform  breadth,  or  of  the  same  breadth  as  at  K  or  dead- 
flat.     See  DBAD-FI.AT. 

Strake. — One  breadth  of  plank  wrought  from  one  end  of  the  ship  lo  Ihe  other, 
either  within  or  outboard. 
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Tabling,— Letting  one  piece  of  timber  into  anotlier  by  aliernate  scores  or  pro- 
jectionB  from  the  middle,  so  that  it  cannot  be  drawn  aeunder  either  lengthwise 
or  eidewiae. 

Taffarel  or  Taff-MaU.~Th^  upper  part  of  the  ship's  stem,  usually  orna- 
menled  with  carved  worlt  or  mouldings,  the  ends  of  which  unite  to  the  qiiai^ter- 

TasUng  of  Planh  or  TiWifter.— Chipping  it  with  an  adze,  or  boring  it 
with  a  small  anger,  for  the  purpose  of  ascertaining  its  qnality  or  defects. 

To  Teach.—A.  term  applied  to  the  direction  that  any  line,  elc,  aeems  to 
point  out.    Thus  we  nay,  "Let  the  line  or  mould  l&Kh  Jair  to  such  a  spot, 

aWtO**.— The  square  part  at  the  end  of  one  piece  of  timber,  diminished  so  as   . 

to  fii  in  a  hole  of  anotiier  piece,  called  a  mortise,  for  joining  or  fastening  the 

two  pieces  (ogether. 
Thickstuff.—A  name  for  sided  timber  exceeding  four  inches,  but  not  being 

more  than  twelve  inches  in  thickness. 
Tholes,  or  Thole-Pins.— The  battens  or  pins  forming  the  row-locks  of  a 

Tliroat. — The  inside  of  knee  timber  at  the  middle  or  turn  of  the  arms.     Also 

the  midship  part  of  the  floor  timbers. 
Tltwarfs.—l:\\e  seals  in  a  boat  on  which  the  oarsmen  sit. 
Tl}nJ>er.—  (MaKr-ialfoTeMp-buiiding.)  Timber  is  generally  distinguished  into 
rough,  square  or  hewn,  sidedsnd  converted  timber.  Rough  timber  is  the  tim- 
ber  to  its  full  size  as  felled,  with  lop,  lop  and  bark  off  Heirni  limbic  is  timber 
squared  for  measurement.  Sided  timber  is  the  tree  of  the  full  size,  one  way,  as 
it  is  felled,  but  with  slabs  taken  off  from  two  of  its  sides  and  made  straight ;  on 
the  other  side, 'at  the  middle  of  the  tree,  it  must  be  one-eighth  of  its  depth,  or 
Mdlng.more  than  its  siding  between  the  wanes.  Gonverled  timber  is  timber  cnt 
for  different  purposes,  and  distinguished  into  thiekstufi;  plank,  board,  carling 
and  scantling.  The  limber  in  most  general  use  in  this  country  is  Jive-oak, 
while  oak,  yellow  and  epmce  pine,  red  pine,  fir,  hackmatack,  ash  and  white 
pine ;  cedar  being  used  for  boats. 
Timber  for  Masts,  Yards  'and  f^rs.—Flecea  of  yellow,  spruce  or 
red  pine  timber.  Those  pieces,  suitable  for  masts  are  called  atich.  Speeiiil 
care  ia  required  in  their  inspection  to  see  that  they  are  sound.  They  are 
divided  into  squared  sticks,  called  ii«A-mas(3,  classed  according  to  the  number 
of  inches  at  the  side,  and  into  nJund  slicks,  classed  according  to  tlieir  girth  at 
the  butt,  in  hands  of  four  inches,  called  hand-maits  if  their  girth  ia  not  less  than 
six  hands,  and  spars  if  their  girth  is  less  than  sii  hands.  Spars  are  subdivided 
into  classes,  as  follow  : 


Name. 


.^Dgth.  Gkil 


Cant  apai^ From  33  to  35  feeL  From  6  to  5  hands! 

Barling  spars „...,..,             28  to  30  feet,  5  to  4  hands. 

Boom  spars 20  to  25  feet.  4  to  3  hands. 

Middlingspars 16  to  20  feet.  3  to  2  hands. 

Small  spars n  to  16  feel.  1  to  2  hands. 

Immersion  in  mud  is  considered  the  best  mode  of  preserving  t.par  or  m 
timber  nnlil  needed  for  use. 
31 
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Timber-Heads.— TiKthers,  left  clear  for  lasliiiig  tlie  aiiKlioi's,  mating  fnet 

stoppera,  shank-paintere,  etc. 
TliHber-and-Jtoom.—See  Eoom-and-Space. 

Tonnaffe.—Tiis  cubical  conientB  or  burllien  of  a  ship  in  Ions.    There  are 
several  ways  of  estimating  tonnage,  as  builder's  measurement,  ciistom-liouse 
mensorement,  and  tonnage  by  displacement. 
Top  and  Butt.— A.  metbod  of  working  English  oak  plank  so  as  to  make 
good  converwoB.    As  the  plank  runs  verj  narrow  at  the  top,  clear  of  sap,  thid 
is  done  by  disposing  the  top  end  of  every  plank  within  six  leet  of  the  butt  end 
of  the  plank  above  or  below  it,letting  every  plank  work  as  broad  as  it  will  hold 
dear  of  sap,  by  which  method  only  can  every  other  seam  produce  a  fair  e<Jge. 
Top-Hamper,— AVeveishS.  above  tlie  centre  of  gravity  of  the  vetxd.    Gene- 
rally used,  however,  to  expreBS  unnecessary  weight  aloft. 
Topside.— A^  name  given  to  all  tliat  part  of  a  ship's  side  above  the  main-walcB. 
Top-Timbers.-Th.^  timbers  which  form  the  topside.    The  first  general  tier 
which  reach  the  top  are  called  the  long  top-timbers,  and  tliose  below  arc  called 
the  short  top-timbers.    See  Frames. 
Top-Timber  lAne,— The  curve  limiting  the  height  of  the  sheer  at  the  given 

breadth  of  the  top-tvmbera. 
.  Touch. — The  broadest  part  of  a  plank  worked  lop  and  butt,  which  place  i.s  six 
feet  from  the  butt  end.     Or  the  miOille  of  a  plank  worked  anchor-stock  fashion. 
Also  the  sudden  angles  of  the  stem-timbers  at  the  counters,  etc. 
Tralt-Boards.-X  term  for  tlie  carved  worl^between  the  cheeks,  at  the  heel 

of  the  figure. 

TraH80m'Knee.—A  knee  used  against  the  transom  in  sqiiare-sterned  ships. 

Transoms. — The  'lliwanship  timbere  which  are  bolted  lo  the  stern-post  in 

order  lo  form  the  buttock,  and  of  which  the  carves  forming  tlie  round  aft  ore 

reprcficnted  on  the  horizontal  or  half-breadth  plan  of  the  ship, 

Traiiaom-Seat.—A  transom  fayed  and  bolted  to  the  counter-timbers  above 

tlie  deck,  generally  at  the  height  of  the  portsill. 
Tread  of  the  Keel.— The  whole  length  of  the  teel  upon  a  straight  line. 
Treenails, — Cylindrical  oak  pins  driven  through  the  planks  and  timbers  of  a 
vessel,  to  fasten  or  connect  them  together.    These  certainly  make  the  best 
fastening  when  driven  quite  through,  and  caulked  or  wedged  inside.    They 
should  be  made  of  the  very  best  oak  or  locust,  cut  near  the  butt,  and  perfectly 
dry  or  well-seasoned. 
The  Tuck.— The  after  part  of  the  ship,  where  the  ends  of  the  planks  of  the 
bottom  are  terminated  by  the  tuck-nui,  and  all  below  the  wing-transom  when 
it  partakes  of  the  figure  of  the  wing-transom  as  far  as  the  fiishion-pieoes.    See 
SquAHB  TtrcK. 
TuKk-BtM.—The  rail  which  is  wrought  well  with  the  upper  side  of  the  wing- 
transom,  and  forms  a  rabbet  for  the  purpose  of  caulking  the  hutt  ends  of  ihe 
planks  of  the  bottom. 
Upright. — The  position  of  a  ship  when  slie  inclines  neither  to  one  side  nor  the 

TFrties.— The  principal  slrakesof  thickstuff  wrought  on  the  outside  of  the  ship 
upon  the  main-hreadth.  Also  those  strakes  wrought  between  the  ports  of  a 
man-of-war,  called  llieciinnief-iCTiIes.    There  are  also  in  very  large  ships  sheer- 
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Wall-Sided- — A  term  applied  to  the  topsides  of  the  ship  when  tlie  main 
breadth  is  continued  very  low  down  and  very  high  up,  bo  tliat  tlie  topsides 
appeitr  etraiglit  and  upright  lilce  a  wall. 

Wusli-Soavd- — A  shifting  strake  along  the  topsides  of  a  email  vessel,  used 
occasionally  to  keep  out  the  sea. 

Water-JLines,  or  lAnes  of  Flotation.— Those  horizontal  lines,  sup- 
posed to  be  described  by  the  aurfiice  of  the  water  on  the  bottom  of  a  eliip,  and 
which  are  exhibited  at  certain  depths  ijpou  the  slie^r-plan.  Of  these  the  most 
particular  are  those  denominated  the  UgJil  vmter-Uw  and  the  load  icater-liiie ; 
the  former,  namely,  the  light  water-line,  being  that  line  which  shows  the 
depression  of  the  ship's  body  in  the  water  when  light  or  unladen,  as  when  first 
launohed;  and  the>latter,  which  exhibits  the  same-when  laden  with  ber  guns 
and  ballast,  or  cargo.  In  the  half-breadth  plan  these  lines  are  curves  limiting 
the  half-bieadth  of  the  ship  at  tlie  height  of  the  corresponding  lines  in  the 
sheer-plan. 

Wateitvays. — The  edge  of  the  deck  nest  the  timbers,  wliicli^is  wrought 
(liicker  than  the  rest  of  the  deck,  and  so  hollowed  to  the  thickness  of  tlie  deck 
as  to  form  a  gutter  or  channel  for  the  water  to  run  through  to  tlie  scuppers. 

Wedges, — Slices  of  wood  driven  in  between  the  masts  and  their  partners,  lo 
admit  of  giving  rake  if  desired. 

Whelps. — The  brackets  or  projecting  parts  of  the  barrel  of  a  capstan. 

W1iole-MMU,lded.-^A.  term  applied  to  the  bodies  of  those  ships  which  are  so 
constructed  that  one  mould  made  to  the  midsliipbend,  with  the  addition  of  a 
floor  hollow,  will  mould  all  (lie  timbers  below  the  main-breadth  in  the  square 

Wings. — The  places  nest  the  aide  upon  the  orlop,  parted  off  in  foreign  ships 
of  war,  tliat  the  carpenter  and  his  crew  may  have  access  round  theshijiin  time 
of  action,  to  plug  up  shot-holes,  etc. 

Wi'ny-Transomi. — The  uppermost  transom  in  the  stern  frame,  upon  which 
the  heels  of  the  counter-timbers  are  let  irf  and  resL    It  is  by  some  called  the 

Wood-Zioeli. — A  piece  of  elm  or  oak,  closely  fitted  and  sheathed  with  copper, 
in  the  throaljng  or  score  of  the  -pintle,  near  tiie  load  water-line,  so  that  when 
the  rudder  is  hang  and  the  wood-lock  nailed  in  its  place,  it  cannot  rise,  becau^ 
the  latter  butts  against  the  under  side  of  the  brace  and  butt  of  the  score. 

Wvaiit-Solt, — Ring-bolts  used  when  planking,  with  two  or  more  forelock 
boles  in  the  end  for  taking  in  the  set,  aetbeplank,  etc,,  works  nearer  the  timbers. 

WraiM-Stave. — A  sort  of  stout  billet  of  tough  wood,  tapered  at  the  ends  so  as 
to  go  into  the  ring  of  the  wrain-boit,  to  make  the  setts  necessary  for  bringiiig-to 
the  planks  or  thickstuff  to  the  (inibers. 

Yacht. — A  small  vessel  [sailing  or  steam  ve«el),  light  and  elegantly  furnished 
for  private  poities  of  pleasure. 
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Afttt  body. 
Afler-pmt, 

S55. 

Afler-timbera,  339, 

Air-list,  ilB. 
Alt-port,  389.    , 

"  America,' 

"Amadca,' 

In,  207 

AmldsMpB 

S' 

Anolior^tock,  to  work  plank,  3H,  46i. 

Angle-blocka,  SIS. 

Aiigle-irona,327. 

Angle  of  incidence,  Hi. 

Angle  of  Inclination,  69. 

Approximate  calculation  of  design,  163. 

Apron,  328,  444,  4^0. 

Architecture,  Natal,  chief  probloniB  of,  17, 

Arcbilecture,  Kayal,  knonledge  of,  nece«e 

Aicblmedes,  the  diecaverer  of  the  lav  i 

Ardenej,  98. 

Ardency,  produced  bj  middle  body,  loa 


Area  of  Bails,  qnadrangulgr,  121. 
Ares  of  sails,  equare,  121. 
Area  of  Bails,  triangular,  121. 


Annaniflnt  ot  ships  in  V.  S.  Na.y,  195. 

Aimor,  iron,  28, 187. 

Armor,  Iron,  endurance  of,  HIT, 

Arrangement  of  plans  on  mould-loft  floor,  30S. 
Art  of  shlp-bnilding,  19. 
Ash,  290, 456. 


Ba 

ance  floating-dock,  431. 

Ba 

ance  of  body,  26, 95,  98. 

Ba 

ance  of  sail,  25, 93,  IM. 

Ba 

ance  of  weight,  25. 

S 

last,  35,  51, 70, 456. 

f 

^^^cau..onslneh,fHng 

Ba 

tens,  309,356,  458. 

Ba 

tens,  sheer,  S52. 

Be 

ams,  breast^  390,  46B. 

Be 

ama,  getting  In,  3M. 

Bell  lop,  457. 
Belly,  457. 
Bending  cold,  29 
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Beveliu 

,  20S,  am,  B 

-bonrd,  295 

Bei-eliir 

167,'       '       ' 

Bilge,  6- 

407. 

Bilge  k 

■1«,3IB,45T 

Bilge  k 

elaoiis,416. 

Bilge  tn 

ka,41J. 

ye,  421, 426. 457, 

BitH,jeor,4SS.    , 

Bucklera  or  bncklars.  S84, 46 

BItte,  buw-iwit,  44B. 

Building  cbanght.  aSl,  304. 

Blitn,  rldliig  or  ubl?,  381 

Biiliding^ilii,  314. 

BillH.fopwil  sliest,  438,  4 
Birth-up,  4dS. 

^.'       '       '       ' 

BuIkheaOi,  389. 

BlBck  ftruke,  STZ,  45S. 

Bitlmirki,  S90. 

Bleio%sc™HS,KSl. 

Bu]wBrkBtimchloDS,S90. 

Bloata,315,458. 

Bumkin,  460. 

BlgekH,  leveling,  294. 

Bno)ancy,42,44. 

BlooniB,  280. 

Biiojancy,  centre  of,  178. 

BIdff  tow,  79.80. 

Buoj-oncy.  locus  of  centres  o 

Boara,4S8. 

Buoj-nncy  of  iron  vessels,  48 

Boats,  nieiUds  of  butldli. 

Bi,rnriigl™,296. 

BobBti,r-pJ«e,B3T. 

Bui-tlion,  4S0. 

Bodies.  4(8. 

Butt"  460. 

Body,  after.  159, 468. 

Butt-joints,  359,  397. 

Bodj,  fore,  169,468. 

Bodj,  middle,  72,  169. 

Butt-joints  of  n'aj-s,  421. 

Bulls  of  plank.  3B7. 

Body  pi™,  198, 458. 

Buttocks,  4C0. 

,  elliptical  tmS  pee.top. 


Bridge,  36 


Caissos.  430, 460. 


Icnbition.  short  metbod  of,  232. 
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Capacity  «u 


Clii'stiint,  239,  290. 


Carlings,  3S0, 417, 481. 
Carvel-built,  415. 
Carrel-Iiiillt  boats,  lU. 

IMbaa,  403, 409, 4*0, 4ei 
Cattail,  iSl. 
Csulkfug,  307, 46L 


Cautions  in  dofifgnlns  ve 


Centre  of  grarit)'  of 


to  of  grarlty  of  a  nodal,  243. 

Co-gflieionl  of  flu 

re  of  gravity  of  erofs  sections,  174. 

ColtorofMishin. 

t«  of  KniTJly  of  aisplaocnient,  84, 176. 

Conipnnion,  403. 

re  of  gravltj  of  toreT»odJ,  177. 

Compass,  how  (o 

ro  of  gravity  of  Imll,  170. 

ships,  312. 

Compnas  timber, 

Compostto  ships. 

«  of  gmTirj  of  midship  section,  174. 

Composite  sblpe. 

re  of  grayftj  of  *■  shoulder,"  es,lJB. 
le  of  gravity  of  the  v&ter-iines,  17S. 
re  of  gravity  of  undec-itater  borty,  64. 
ra  of  gravity,  practical  method  of  Sai 


Channels,  301, 392, 462, 
Channel.wales,  354, 302, 46 
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Cross  ascttoDB,  73, 74 


Cntting  timber,  29». 

CutwBttr  ei.se. 

Cjcloli  145. 
Cycloidal  line,  14S,  156, 


Dsui  -wslgbt,  61, 71. 


Dwk,  lower,  SB5. 


Dw  k,  poop,  3«5. 
Deck,  qimrBr,  3B5 


]><?pth  in  bold,  SM,  466. 
Depth  io  bolil,  point  IVoia  i 
Description  of  diy^doct,  42 


"splBCemenl,  Ugllt,  19^  40 
Dinplaeemedl,  lond,  40. 
Displacement,  standards  ol 
Di^iacement,  to  conauucl 
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DruiuhF&d,  407. 
Druxey.  467. 
Srr-dork,  428, 4W. 


EcoDom J  In  fAetF}iii^»  352. 
Edgc^et,  to  be  aToidsd,  365. 
Edging  of  planlr,  407. 


isBlgn  the,  138, 161. 


FaLJIug  lioine. : 


riarinB,  S3,  es,  488. 
Plat  of  tte  iKk.  36S.  3S1. 

Floor.  3!3, 468. 

Floor-pktca,  327.  ' 
Floor-tinibiTB,  S24,  325, 488, 
Plush  deck,  365, 468. 


Fnll-Biiod  drawingB,  3M. 

Futtock-moulds.  307. 
ruttocks.  326;  4«9. 
ruttocbe.  donUle,  323. 


-Ipm  of  bracing,  360. 
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Gnard-beaiDa.  449. 
Qnard-pla.to,  39S. 

Oad^na,  401, 469. 
QnQ.deck  plauk,  etc.,  4 


Half  beams,  36S,  4S8. 
HaJf-trsiilH,  plan,  IBS,  ■ 
BsU  floors,  321. 
Half  perl*,  SS8. 
IWf  linilxsra,  324, 469. 

HanQS,  to,  109. 
Htndinets,  9^. 

HBndj,howtomatea'( 


Head,  407, 4i 
Head,  figure 


Height  Ijetwcen  fle 


Imn-^lnd  iMps,  Low  plaleil,  S12,  SST. 
Iroix-clad  sbJpa,  pattiaJ-batterj  Bj^tem,  XG9. 
Imn-clad  ships  of  England,  166, 
Imn-iiliid  ehips  of  United  Statfs,  194. 

Iron,  pig,  2S1. 

IroQ,  plate,  287. 

IroD,  preseirlng,  2SS. 

Iron  ships,  eeelloiu  of,  am,  S62, 

Iiun  ships,  how  plated,  3S9, 3M. 


Keel.  91, 231,  S17,  «2, 4n. 

Keel,  lUae,  91, 319,  US,  407. 
Keel,  temponuj,  318. 
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L&nnditng.  21. 23S,  J20, 42V. 
LanuchEnff,  oUTiquef  422. 
iBuncMng  an  ttie  keel,  425. 

lojing  clgHu,  aao,  304,  4T1. 
lAjlDS  off  tiviu  a  model,  309. 
Lsdgcs,  380,  447,  471. 

Lengtl,  02,  87. 

Loiii^li,  iU  iiifliionca  on  epesd, 

Lei^CbealTig,  471. 
Lengthe,  ISO. 
Let  In,  472. 


Margin,  539. 

tie  gliil,  39». 

Mastrooms,  380. 
Mastwodgo*,  S«0. 


to  place  Uie,  110, 11! 
lis  for  Bhip-bnlliUng. 
ilA  £jr  sblp-biiilding 


aota-oeiitte,  62, 226,  Hi 


-mast,  lis  p1a« 


Longlluilinal  tinlkhea* 
Longltudliml  eoction, : 


n  royal.  111. 

t,  bow  to  lay  0 

19, 202,  211. 


Uain  deck,  146, 3fiB,  41 
iailtll.deckline,  146. 
UainiuasC,  110. 
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Paddle-boxes,  3i 
Paddle-wheels, ; 
Palnt-roon,  113 
Painting  ships, 
PaUetlng,  474. 
PaU-head  of  caj 
Pall-rlm,  410, 41 
Palls.  411,  474. 
Parabolic  bo", ' 

Parabolic  cvne 
ParahoUc  syslei 


Pcnatoclc,  430, 
Plgcon-holeB,  413. 
Flllarfl  for  beams, '. 


Power  of  batterj,  18 


I'a  boltom,  18. 
ttoms  of  ahips.  398. 


PropelJiDg.  methoda  of; 
Propelling  power,  253, 


iddling  iron,  286. 
iinp^:istenis,  475. 
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Regi«lertoimase,189'l72,lT3. 

Keuts,  m. 

Bqn,  76,  13S,  166,  477. 

B«ntB,  bow  caulked.  399. 

Run,  how  to  design  the,  13S,  1 

Bepalrtdg  ships  in  dock,  hiiite  oii.  432. 

Run,  leuglh  of,  Iffll. 

lUBiBUace,  direct  head,  lea. 

RunniDg  plank  of  hotlom,  44= 

Kesistanee,  atetica!,  of  a  plate,  105. 

SiBMB,  Ctrsi,  390. 

Efbband,  330, 122, 479. 

B»i],  26, 106,  lis,  123. 

Eibbimci,d(^dal,41B. 

Sail,  area  o^  loa,  113, 118, 127 

Rfbhaod-llnes,  281, 330, 47a. 

Sail,  balance  at,  2S,  106,  111,  1 

Eind-gall8  to  Umbw,  2». 

Sail,  broad  and  tow,  131. 

Rising,  47«. 

Sail,  dimensioiiB  o^  111,  114, 1 

BWiig-flMB,335,176. 

Kisine  line,  478. 
Rising  of  boats,  476. 

Sail,  fore-aud-aft,  133. 

j»,3«0. 


Kflom-and-apace,  327, 47Y. 

Boughtree  rail,  4TT. 
Koond  aft,  33a. 
Kound  np,  339,  3Se,  887. 
Rndder,  96, 402, 403, 477. 
Rudder-ehocks,  477. 


Indlngar 


of  buojancj,  224, 
BvUe  fbr  tlndlng  centre  of  effort  of  aail,  1 
Rule  for  fjadlng  oenlie  of  graiilj,  225. 
Rule  fiir  flndipg  centre  of  weight,  226. 
Rule  for  finding  dispUcement,  222, 223. 
Rule  Ibr  floding  ueta-cenlre,  226. 


Ralef 


arr6wandlofU,13L 

roportlons  of,  106, 110, 113, 118. 

roponiona  of  height  to  widtb,  11 

loms  In  a  frigats,  418. 
Sails,  areas  and  powen  o^  118. 

square,  120. 
SbUb,  Bnb-diytoion  of;  123, 131. 

lymmeliy,  fashion  and  handinesi 


caflBlding  for  shijy-jrBrtB,  S12. 


■ph8,  boiing,  317. 
Soarphs,  length  of,  31S. 
Scarphs,  aide,  for  beams,  S67. 
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